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With kind regards

Harvey Clewell

PhD, DABT, FATS

Principal Consultant

Ramboll Environment and Health Consulting
Research Triangle Park, NC 27709 USA
holaweli@rambelloom

919-452-4279

From: Schlosser, Paul [mailto:Schiosser Pould@ena.zov]

Sent: Friday, May 31, 2019 11:41 AM

To: Harvey Clewell <HClswel@rambeollcom>

Cc: Jerry Campbell <}Campheli@ramboll.com>; Michael Dzierlenga <MBDZIERLENGA @ ramboll.com>; Robinan Gentry
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rzentryi@rambollcom>; Thayer, Kris <thaver kris®@epa.gov>; Vandenberg, John <Vandenbere lohni@epa.gov>;
Bahadori, Tina <Bahadori Tina@epa.gov>; Morozov, Viktor <Morozov. ¥ikior@epa.gov>; Davis, Allen
<DavisAllen®epa.sov>; Sasso, Alan <Sasso Adan@epa.gov>; Kapraun, Dustin <Kapraun. Dustin®ena.gov>
Subject: RE: chloroprene -- Bayesian analysis

Harvey, all,
(Adding Dustin Eaprsume U0 1 cateh vou up later))

7y

Food Tor thought Tor Jups 18
Ragarding the in vitro snalyses, ?he spparent discrepancy hetwsen the "Eg™  experiments and the melabolic
sypar iments Teads To paramstsr unceriainty, Kz and The Km ovalues san’ 1 be estimatad independentiy Trom

oty the meltaholic expsr aﬁen%x % vou state in the menuscript.  Bubt to Tully ssTimels the impact of
sneartainty in subssguent risk sstimation, one could potentially use The results of o Bavesian asnalys
iust the mean valuss, byt the paramelsr distributions

not

So the Tirst sstimation of Kgi and P (Trom dats withoul misrosomes) resulfed v a joint disted b;*;en H
thess paramatsrs, £ama of thoss gmta are cﬁmssstant wéfh a higher P né Ket than the mean valuss - The
uobar data in Flgure BT Likewise vour review of the [iteraturs on Em valuss effeatively provides an
informed prior on that paramster.  Instesd of Tixing one or the othsr of thess, Tormal Bavesian analysis
sould use those as priors when analyzing the deta with sotive microsomes. | wonder iT There are values of
Kel oand P consistent with the upper end of the Kg-dats {is. within the uncertainty given those data; That
are also gonsistent with The metabolic datae?

[ ooresume The Ke superiments, ike the meteboiis superiments, volved repsated measures, which nesds o bs
proper by acoounted Tor in setting up the Hkelihood caloulation in order To estimate the Trus unceriainty
Tull possible range of paramsters, The nusber of independent sxperiments o Figure B-1 8 a fob less tha
the numher of dats points, ves? ings there ars olusters of nink points atf sach Time point, iU
than the number of colors used ) st imated parameter uoerizinty estimate would he foo low if
data ars Trasted as independent tee Tor the metabolic sxperiments

IF it wasn’ © done this way (accounting Tor repeated messyures in the likelihood: Tormal Bavesian seguential
parameter estimation?, how bard would 1 be¥  To unpack this fully, and mms der options, we may need lo
have original data by syperimental unit (insubation wvialy, f 117 s not already ssl up that way,

~Fau

From: Schlosser, Paul

Sent: Thursday, May 30, 2019 8:06 AM

To: Harvey Clewell <H{Clewell@ramboll.com>

Cc: Jerry Campbell <!Campheli@ramboll.com>; Michael Dzierlenga <MEBZIERLENGA® rambeoll.com>; Robinan Gentry
<rpentry@rvambollcom>; Thayer, Kris <thayer krisi@epa.gov>; Vandenberg, John <Vandenbere lohni@epa.gov>;
Bahadori, Tina <Bahadori. Tina@epa.gov>; Morozov, Viktor <Morozov. Vikior@epa.gov>; Davis, Allen
<Davis.Allen@ena.gov>; Sasso, Alan <Sazso.Alan@eps.aov>

Subject: RE: chloroprene

Harvey, all,
{Gopying EPA Toik)

in the manuseript, vou suggest that binding to the microsomal protein, which wasn® 1t prasent in ths Kg-
measurement experimenis, couid have ailerad the partitioning betwsen alr and liguid phasss, thershy
rastiting in the changaed mass transfer. I trus, this could be sxpiained in the model by changing the
water aiv partition coefficient.  Mavhe vou oan test the hynothesis that way shead of ouwr mesting, so we

ED_002855_00005268-00008



know (T I8 5 8 valid sxplanation or not. The microsomal soncentration was 0.5 me/mb, © 0.0B%, so i
know that it couid alter partitioning too mush, but it would be good to know ahead of the 129 i changing
the PC alone to any sxtant could sxpiain the spparent discsrapancy.

~Pau

From: Harvey Clewell <HClswell@ramboll.com>

Sent: Tuesday, May 14, 2019 4:40 PM

To: Schlosser, Paul <Schiosser. Paul@epa.gov>

Cc: Jerry Campbell <iCampheli@ramboll.com>; Michael Dzierlenga <MBZIERLENGA @ ramboil com>; Robinan Gentry
<rgentry@rambolicom>

Subject: chloroprene

Hi Paul

Here is the revised manuscript on the chloroprene PBPK model, plus all of the supplemental materials that can be sent
via email. The R model and two additional supplemental files (the lISRP report on the in vivo study and the Teklab
report on the Kg study) will be transmitted separately, but | don’t think you will really need to look at them at this point.

I’'m going to be in Netherlands next week for Alina Efremenko’s PhD ceremony, so it would be great if we could get
together sometime this week to talk about the new analyses documented in the paper. Would that be possible? Jerry
and | are free pretty much any time.

With kind regards

Harvey Clewell

PhD, DABT, FATS

Principal Consultant

Ramboll Environment and Health Consulting
Research Triangle Park, NC 27709 USA
helewsii@rambolleem

919-452-4279
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Message

Sent: 6/6/2019 11:58:07 AM

To: Harvey Clewell [HClewell@ramboll.com]

CC: Jerry Campbell [JCampbell@ramboll.com]; Michael Dzierlenga [MDZIERLENGA@ramboll.com]; Robinan Gentry
[rgentry@ramboll.com]; ri Personal Matters / Ex. 6 nl; Thayer, Kris [fo=ExchangelLabs/ou=Exchange

Administrative Group (FYDIBOHF23SPDLT)/cn=Recipients/cn=3ced4ae3f107749c¢6815f243260df98c3-Thayer, Kri];
Vandenberg, lohn [/o=Exchangelabs/ou=Exchange Administrative Group
(FYDIBOHF235PDLT)/cn=Recipients/cn=dcae2b98a04540fb8d099f9d4dead690-Vandenberg, John]; Bahadori, Tina
[/o=Exchangelabs/ou=Exchange Administrative Group
(FYDIBOHF23SPDLT)/cn=Recipients/cn=7da7967dcafb4c5bbc39c666fee’ lec3-Bahadori, Tinal; Morozov, Viktor
[/o=Exchangelabs/ou=Exchange Administrative Group
(FYDIBOHF23SPDLT)/cn=Recipients/cn=03cc9abb639c453fabc2bbb3e4617228-Morozov, Viktor]; Davis, Allen
[/o=Exchangelabs/ou=Exchange Administrative Group
(FYDIBOHF23SPDLT)/cn=Recipients/cn=a8ecee8c29c54092b969e9547ea72596-Davis, Allen]; Sasso, Alan
[/o=Exchangelabs/ou=Exchange Administrative Group
(FYDIBOHF23SPDLT)/cn=Recipients/cn=8cb867519abcddcead8149d12ef3e8e9-Sasso, Alan]; Kapraun, Dustin
[/o=Exchangelabs/ou=Exchange Administrative Group
(FYDIBOHF23SPDLT)/cn=Recipients/cn=3a53c151b92a472fbfb295ed5df982a7-Kapraun, Dul; Sonja Sax
[SSax@ramboll.com]; Ken Mundt [kenneth.mundt@cardno.com]; Miyoung Yoon. Personal Matters / Ex. 6 ,'j,
Kenyon, Elaina [/o=Exchangelabs/ou=Exchange Administrative Group
(FYDIBOHF235PDLT)/cn=Recipients/cn=0395d5b93f214¢8ca49066f498f7d5¢93-Kenyon, Elaina]

Subject: RE: chloroprene -- in vitro system

Harvey, all,
Isaw Kris’ and Tina's notes, but started thes response last night, so i doesn't have those o the thiead

The guestion hore 8 not the validity of the data, but the inferpretation and application of those data. The metabolic data are aot divect
meastrements of the rate of metabolism in the microsoma! environment in which i occurs, bt mensuroments of OF concentration in
the headspace above an incubation mixtore, which is 99.95% aqueons buffer. A computational model 18 nsed fo ostimate apparent
Vinax and K valoes in the mixture based on those data. The guestion is whether thet computational mode!l and hence the way in
which the parameters are applied for nse ina PBRPE model are valid

My understanding s that way back i was recogniznd that e apparent K from such exportments could not be accurately applied o
the Hissue® concontrations predictod by PEPK modeds: i doosn™ match the n vivo dats i vou do et The explanation was that the
apparent Ko oblained 1 vitro reprosents the average conceniration n the tncubation medium, not the conceniration in the
waerosomes, al the enryme active sig, ,aﬁizﬁ that the appropriaie corresponding concentmtion in the PEPK model 18 the venous blood
concentration. That's why the “correct” form of PEPK models uses Cvenous desue in the wetabolism wmie term, vl © Hesue, Uadey
these assumptions, the K from an i vidre svstom such as this can be appli iod.

Underptoning this assumplion s an assumption of rapid egquitibrium between the agqueoas

“irst, the blank experiments whern Matt measured the svatem osses 1o the absence of metabolism show that there 15 ot best minimal
notespecific binding, with which the mioresomes might compote. When measuring parifion cooflicionts, issues are hbomogenved in
Fand 1t s assmmed that the volume of the buffor and the waternaly PO can be used o caloulste how nuch of the gas s inthe
bufler, by mass balance how mach ix in the tissue. BT asswne that the microsome sty PO s the same as veraty, by the same type of
caloulation, the extent to wiich that could tmpact partitioning from the afy o the incubsation medium 5 negligible, since the
micresomes are ondy 8.05% of the mediom. To argue with that is to argue with the method by which PCs are estimated.

The data are valid, s not argring that. But the data are measurements of gas concentration in the hoeadspace above an incubation
mixture, Faet® dirgct measuroments of the wmie of reaction a8 a function of concentation n the incubation medium. These data are
being interpreted, to extract meisbolic parsneters, using a mode] that assumes the sysiom s well-mixed and that the metabelic
parametors can be estimated based on the amount wimoved from the headspace, and the waterair partition coeliicient; Lo, assiuning
the same concentration in the ontie mixturg,

I # ware somehow true that the microsomnes significantly altered the partiioning, then this computational estimate of concontration in
the microsomes where the enzyme s fanctioning is also wrong, hence the estimated kinetic parameters would be wrong.
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Fam working under the assumption that Donka paid to collect are also valid data, and are applicable 1o the in vitro metabolism
gxperiments.

And Fdon’tthink we s abont what 2 simall anount of microsomes might do to partitioning o
gaplain the {iiscm;};ﬁm, Ezzi wh&z I i‘i&} : iam that {E?Q mmm data show is that the computational mode! being nsed © inferpret
the data i3 incorrect the data are valid, bot there's a problent with the model. In particudar, T don't beliove you can have the resisiance
o mass transior that was messured and complete mixing in a systom where metabolisim is that high. Bonly appessstobea
dizcrepancy when you assume the system is well mixed

o

Pve set up an allermate model where the Hgoid phase is divided into 10 lavers. 1 just have very prelinivary results, need o do sone
more weting, but 1 beliove i can fit both the Ky date and the metabolic data with a common set of parameiors,

O the one hand, vou are n“mimi we don't know the exact mixing speod that Matt used, ete. On the other hand, vov oblained a Kg
which is remarkably, remarkably close to the one | estimated for benvone way back. T don't think that ¢ just a coincidence, but s
saving that the resistance to diffasion in water is similar for small VOCs whase amﬁsm;é 1 weights are not too far apart.

T did sugpest trving to 1 the Kg to the data, bt T dide’t think vou would got something that much higher than was measured. 1 don't
beliove that 00395 MSP can cause 3 20-fold increase 1o the wate of mass transfor. no way.

When we talked and Jenry showed me the rosulis a fow weeks back, 1 couldn’t think of a better explanation. Bt still, the discrepancy
was thore, . Who is i that said models are most usefnl when they fail, bogause that teaches us something? To argue away part of the
datn just booanse o makes the model fail 18 mot iwzzmzig Tom the faitere. Tmosor v i7s taken me so long o bave this realization abo
g, Bt i may matier oy the interpretation of other data sots where the i vivo motabolism is pot rate Hmiting. And 18wy matiey
¢ the lung parametors, which are key 1o that metric,

P pretty sure that T a a(% supgested that for the data sets which could be fitted with the Kg a9 nmeasiped, vou ase that Kg, not the one
fitted to the Bver datn, That's sod what was done, and TH want 1o oo i i nakes any difference for the lung nombolisny simulations,

By the way, inthe soript 1 have for the mouse Bvey metabolsm the prodein content was sef to be T mg/mb, but Matts paper says i was
4.5 mg/ml So that would impact the IVIVE by a factor of 2, 17 1 wasn 't canght/corrocied 1o the alest revision,

B 18 2 shame i no one i collecting such data now, stnce that would mean weing dotanh methods for VOUs where there aren’t the data,
! thought we stift have labs and conipment hore where they can be done. Whether s imponiant enough w do for this partioudar
chendoal, or to farther our ability to imiorpret sach data for other VOCs 15 a question. The plots that fobn Wambaugh shows
comparing IVIVE prodictions to actual PK data indicate € can be off by an order of magnttude or more. So for chomicals where there
are 5o in vive data we either batdd that unceriaindy inte the risk estimation, or we find 5 way to reduce . Dinproving our abiltty 1o
interpret i vitre data with a lmtted set of oxperiments, even i they can’t be done by 5 contract Iab, sutommted methods, might be
worthwhile i # can reduce the prodiction gorov across winltiple chemicals,

fromn using that model are unceriain, aven ;i the dm a5 mi;oﬁ in tim TASS ﬁm ancertainty may be scwmd% ia Emuzu\ the invive PK
is How Hmited. Bat { want o complete 2 B more analvsis with the mudti-laver model belore convincing myvself of that

~Fat

From: Harvey Clewell <HClewell@ramboll.com>

Sent: Wednesday, June 05, 2019 6:34 PM

To: Schlosser, Paul <Schlosser.Paul@epa.gov>

Cc: Jerry Campbell <JCampbell@ramboll.com>; Michael Dzierlenga <MDZIERLENGA@ramboll.com>; Robinan Gentry
<rgentry@ramboll.com>; mandersen < Personal Matters /Ex. 6 ;hayer, Kris <thayer.kris@epa.gov>; Vandenberg, John
<Vandenberg.John@epa.gov>; Bahadori, Tina <Bahadori.Tina@epa.gov>; Morozov, Viktor <Morozov.Viktor@epa.gov>;
Davis, Allen <Davis.Allen@epa.gov>; Sasso, Alan <Sasso.Alan@epa.gov>; Kapraun, Dustin <Kapraun.Dustin@epa.gov>;
Sonja Sax <SSax@ramboll.com>; Ken Mundt <kenneth.mundt@cardno.com>; Miyoung Yoon

< Personal Matters /Ex. 6 | Kenyon, Elaina <Kenyon.Elaina@epa.gov>

Subject: RE: chloroprene -- in vitro system

Hi Paul
. to investigate your hypothesis regarding diffusion limitation in the liquid phase. However, even though the experiment
you describe may sound simple, performing it correctly would be just as difficult as the original studies conducted by
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Matt Himmelstein. Unfortunately, there is no longer anyone conducting these kinds of studies. Both John Wambaugh
at NCCT and | have tried to identify laboratories with experience in conducting in vitro metabolism studies with volatiles,
but we have both been unsuccessful. That is why Denka had to use an environmental contract laboratory to conduct the
Kg study.

I have discussed this question with Miyoung Yoon, who is now at FDA, and it was she who suggested that the presence
of microsomes in Matt’s studies would have greatly increased the availability of chloroprene for metabolism by
competing with other sources of non-specific binding. She is the most experienced researcher in the area of in vitro
metabolism that | know of. I'm afraid this difference in opinion will need to go unresolved, however, not only because
the necessary studies are impractical but also because the relevance of any new results to Matt’s published studies
would be highly uncertain. The difficulty is that Kg is just an empirical parameter that represents the rate of mass
transfer under specific experimental conditions. Most importantly, as mixing is increased, the transition from simple
diffusion to laminar convection and then to turbulent convection impacts the rate of mass transfer in a nonlinear
manner, so extrapolation from one experiment to another would be extremely difficult.

I have also discussed this question with Mel Andersen, and he believes that the published in vitro data are completely
reliable. He agrees with the approach you suggested for estimating Kg from the male mouse liver metabolism data by
fixing Km at the value of 1 uM supported by the literature on cyp2E1 substrates. Re-estimating the metabolism
parameters with the estimated Kg results in a 25% decrease in risk compared to using the published values. Values of Kg
lower than the value estimated from the metabolism data would reduce risk estimates even further. |just don’t see the
benefit of performing any additional studies.

With kind regards

Harvey Clewell

PhD, DABT, FATS

Principal Consultant

Ramboll Environment and Health Consulting
Research Triangle Park, NC 27709 USA
helawali@rambolloom

919-452-4279

From: Schlosser, Paul [mailto:Schiosser Poul@ena.gov]

Sent: Wednesday, June 5, 2019 9:57 AM

To: Harvey Clewell <HClawell@ramboll.com>

Cc: Jerry Campbell <{Camphbell@ramboll.com>; Michael Dzierlenga <M DZIERLENGA@ ramboil corn>; Robinan Gentry
<rgentry@ramboel com>; mandersen ¢ Personal Matters / Ex. 6 ;; Thayer, Kris <thaver.kris@epa.gov>; Vandenberg, John
<Nardenberg lohn@eng. gov>; Bahadori, Tina <Bahadori Tinafiepa.gov>; Morozov, Viktor <Vlorozov. Vikior@spa gov>;
Davis, Allen <Davis. Alleni@epa.gov>; Sasso, Alan <Gasso.Alan@epa.gov>; Kapraun, Dustin <Kapraun.Dustint®epa, gow>;
Sonja Sax <Ssax@ramboll.com>; Ken Mundt <kenneth.mundt@eardno.con>; Miyoung Yoon

< Personal Matters / Ex. 6 ©; Kenyon, Elaina <Kenvon.Elaina@epa gov>

SUBjact: KET CHIGFOPTERE == n vitro system

Pve changed the subisct to better refloct the topic,

This morning 1 roalived there's actually 2 fairly simple expenment that could doternune i wy hypothesis on diffasion Hmitation in the
Hepoied phase 15 correct run incnbations with 34 (o lesg) of the ol incubation maxture, concentrations of microsomes, of, othorwise
the same, (We'd want {o have paralle! exportnents, same lab, same microsemes, ol with full voline )

H the syston s wall mixed, as the current moded snggesis, then the rate at which chloroprone i removed from the headspace
{massime) would be reduced by 3, since there™s ¥4 the microsomes doing the worle. You'd have © tncorporaie the change in bead-
space volume in the caloutation {ofher wav),

Alernately, i there s diffusion Hmitation, with the microsomes near the surfzree doing the bulk of the metabolism, then the wmte of
chioroprene removal would not be reduced by Vo A higher fraction of the microsomes wonld be near the airHaquid interface, so the
rate of romoval por mg microsonwe in the system would be higher
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Sinwe the concentration in the incubation solution s af "i"ectiwiv catculated by mass balance, this would also Eead 0 an incronse in the
cstimated concentration associated with a given mite of metabolism, Do protty suve. The result would then also be an increase in the
apparent Km.

Doing these experiments would then evaluate the extent w which mase tansport in the Lgnd phase s Hmiting 0 His system, asing
fvedactive migrosomes, doosn't rogqning any more ¢ iﬁiki}id{xr anabviic methods than abready emploved,

~Pand

From: Schlosser, Paul

Sent: Tuesday, June 04, 2019 5:14 PM

To: Harvey Clewell <H{Clewell@ramboll.com>

Cc: Jerry Campbell </Campheli@ramboll.com>; Michael Dzierlenga <M DZIERLENGA@E ramboll.com>; Robinan Gentry
<rgentry@ramboll.com>; mandersen | Personal Matters / Ex. 6 17 Thayer, Kris <thayer.kris@epa.gov>; Vandenberg, John
<Yandenberg lohn@®epa.gov>; Bahadorl [ma< FLTIE S epa.sov>; Morozov, Viktor <Morozov Viktor@epa.sov>;
Davis, Allen <Davis. Allen@epa.gov>; Sasso, Alan <Sasso Alan@epa.gov>; Kapraun, Dustin <Kapraun.Dustin@epa.gov>;
Sonja Sax <SSaxi@rambolloon>; Ken Mundt <kenneth.nundi@cardno.com>; Miyoung Yoon

i Personal Matters / Ex. 6 !

Subject: RE: chloroprene -- Bayesian analysis

Harvey, all,

In the Kg experiments, i the sampling of the Baguid phase s well indo the Haud, away from the aiv Bouid interface, bt mining 18
»uﬁ cient to k%cp muerosomes evenly distribited, then i s;}ms;h for the CF concentration noar the surface o be higher, loss limited

sistance, e o the middie or bottomy I the microsomes near the sirface are responsibie for the majonity of the
rmif,zb{}imm, zEzs;.z,; Eimv ¢ could explatn the discrepancy bcixmcez the Kg data/model and the metabobic data,

But that would also mean that the activisy of those microsomes was gher than currently ostimated . i only 10% of the microsomes
{those noar the surface) are responsible For the metabolism, the actual Visax woukd be 10x hagher per mg microsomes, for

sxample, Stoce the i vive PX are How iimiicd ~z 1 fits 0 those data would be the same, if Vimax (n the tvery is sctually 10x lugher,
those tn vive data don't invalidade this hypothesis

The incubation resulis would still be lincar with microsome contont by this explanation, prosuming they are well mixed, Using W the
wotal nvcrosomes wonkd pat that much loss near the surface, resedting in g proporional deorease i removal from the gas phase. It's
saying that under conditions of high metaboliv aoitvity, the assumpiion of a well-nixed oubation volume i noty alid. 1 hink that's
miore likely than a small facton of microsomes signiticantly affecting transport through the entire volume.

Good cventng, until tomorrow!

~Pand

From: Harvey Clewell <HUlewelli@ramboll com>

Sent: Tuesday, June 04, 2019 2:12 PM

To: Schlosser, Paul <Schiasser. Paul@epa.sov>

Cc: Jerry Campbell <!Campheli@ramboll.com>; Michael Dzierlenga <MEBZIERLENGA® rambeoll.com>; Robinan Gentry
<rgentry@rambollcom>: mandersen <icoousonalMaters/Ex8 __iThayer, Kris <thayer. kris@@epa.gov>; Vandenberg, John
<Yandenberg lohn@®epa.gov>; Bahadori, Tma <Bahadori.Tina@epa.gov>; Morozov, Viktor <Morpzov Vilkor@epa. gov>;
Davis, Allen <Davis. Allen@epa gov>; Sasso, Alan <Sasso Alan@epa.gov>; Kapraun, Dustin <Kapraun. Dustin@epa.gov>;
Sonja Sax <SSaxi@rambolloon>; Ken Mundt <kenneth.nundi@cardno.com>; Miyoung Yoon

i Personal Matters / Ex. 6

Subject: RE: chloroprene -- Bayesian analysis

Hi Paul
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| do not agree that the apparent discrepancy between the Kg experiments and the metabolism experiments leads to
parameter uncertainty. To break the collinearity between Km and Kg, we have followed your suggestion of fixing Km at
a value based on the literature for cyp2el substrates (1 uM), and have re-estimated Vmax and Kg in the male mouse
liver, which shows the highest rates of metabolism. The resulting value of Kg represents the maximum limitation on
transport in the in vitro studies that is consistent with the data. It does not demonstrate, however, that there was any
significant transport limitation in those studies.

Personally, | have complete confidence in the metabolism data collected by Matt Himmelstein and in the approach he
used for its analysis. | see no evidence to support an assumption of transport limitation in his studies. The constants
derived in the published analysis are consistent with a large body of work on in vivo estimation of kinetic constants for
clearance of well-metabolized vapors (i.e., with relatively low Km values). Moreover, assuming that there was a
significant limitation on transport in these studies results in Km values that are implausibly low, which in turn results in
lower risk estimate compared to use of the published values.

The discussion below of the role of plasma proteins on metabolism is from James Gillette’s 1973 paper in the Annals of
the NY Academy of Science. He suggested that binding proteins in the plasma can accelerate metabolism by acting as
carriers of a drug to the vicinity of the hepatocytes. | believe that microsomal proteins can play a similar role in the in
vitro studies: in the presence of mixing, non-specific binding of a lipophilic compound to proteins can serve to overcome
the transport limitation associated with penetrating the aqueous media. In other words, since chloroprene is lipophilic,
diffusion through the aqueous media in the in vitro assay would normally be rate-limiting, but if the media is well-mixed
and contains microsomal proteins, then non-specific binding of chloroprene to the microsomes could greatly enhance its
availability for metabolism.

Unfortunately, investigating this effect in the in vitro system would not be at all straightforward, because the
microsomal proteins serve both as the site of metabolism and as a source of non-specific binding that competes with the
surface of the vial. In fact, | do not believe it is possible to experimentally determine a Kg that would be appropriate in
any microsomal metabolism study, because of the dual role that the microsomes play (metabolism and non-specific
binding). Denaturing the microsomal proteins in order to eliminate metabolism would also alter their tertiary binding
structure.
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af the gﬁrg*i.éz

SAry 10 on
unbowumd dry

%Agi;

wipnt,

wh rothe ok noe value exo the
glearance can never excesd the vardiae output.

With kind regards

Harvey Clewell

PhD, DABT, FATS

Principal Consultant

Ramboll Environment and Health Consulting
Research Triangle Park, NC 27709 USA
holaweli@rambelloom

919-452-4279

From: Schlosser, Paul [mailto:Schiosser Pould@ena.zov]

Sent: Friday, May 31, 2019 11:41 AM

To: Harvey Clewell <HClswel@rambeollcom>

Cc: Jerry Campbell <}Campheli@ramboll.com>; Michael Dzierlenga <MBDZIERLENGA @ ramboll .com>; Robinan Gentry
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rzentryi@rambollcom>; Thayer, Kris <thaver kris®@epa.gov>; Vandenberg, John <Vandenbere lohni@epa.gov>;
Bahadori, Tina <Bahadori Tina@epa.gov>; Morozov, Viktor <Morozov. ¥ikior@epa.gov>; Davis, Allen
<DavisAllen®epa.sov>; Sasso, Alan <Sasso Adan@epa.gov>; Kapraun, Dustin <Kapraun. Dustin®ena.gov>
Subject: RE: chloroprene -- Bayesian analysis

Harvey, ali,
{Addiog Dustin Kapraone PH cateh vou up later)

Food for thought for Jane 12

Regarding the in viteo asalvses, the apparent discrepancy between the "Kg” experiments and the metabolic axperiments leads {o
pammeter unceainty. K and the Kim values can’t be cstimated Independently from only the motbolic oxperimonts, 88 vou sinie in
the mamnseript. But to fully estimate the fimpact of that uncorainty in subsoguent risk estimation, one could potentially use the rosulis
of & Bavesian anadvsis, not just the mean vahes, b the parameter distributions,

]

S0 the first estimation of Kgt and P (from data withomt microsomes) rosuadiod dn a joind distribuotion of these parametors. Some of those
data are consistent with a higher P and Kgl thas the mean values ~ the upper data in Figure B-1 Likewise vour woview of the
Hterature on Kim values effectively provides an informed prior on that paramcter. Instead of fixing one or the other of these, formal
Bavesian anabvats could use those as priors when analyring the data with aotive microsomes, §wonder i thore are valnes of Kgiand P
consisiont with the upper end of the Kg-data (e, within the uncentainty given those data) that are alse consistent with the motabolic
data?

Fprosinme the Kg experiments, ke the metabolic experdments, invobved repeated measares, which noeds w be properly accounted for
in setting up the Bkelibood caloudation in order to estimate the troe uncertainty, fill possible range of parameters. The munber of
indepondent expenimonts in Figure Bl 18 a lot less than the number of data points, yos7 (Singe there are olusters of pink points af gach
Hme point, I's more than the number of colors usedy The estimated paranetor uncertainty estimate would be too low i all the data
are froated as indopendent. Likewise for the metsbolic experiments.

Fit wasn't done ﬁ}i% way {accounting for repcated meoasures o the likelihood; formal Bavesian seguential parameter estimation), bow
hard wou Id it be? To unpack this fully, and considor options, we way nieed to have original data by exporimental unit (incubation
vial), i 17z aot already sof up that way.

~Fat

From: Schlosser, Paul

Sent: Thursday, May 30, 2019 8:06 AM

To: Harvey Clewell <HClswel@rambeollcom>

Cc: Jerry Campbell <}Campheli@ramboll.com>; Michael Dzierlenga <MBDZIERLENGA @ ramboll .com>; Robinan Gentry
<rgentry@ramboll.com>; Thayer, Kris <thaver kris@epa.gov>; Vandenberg, John <Vandenberg lohnifena.gov>;
Bahadori, Tina <Baghadori. Tina@epa.gov>; Morozov, Viktor <Morozov Vikiorf@epa.gov>; Davis, Allen
<Davis.Allen@®@epa.gov>; Sasso, Alan <Sasso.Alan@ena.gow>

Subject: RE: chloroprene

Harvey, all,
{Uopying EFA ol

In the manuseript, vou suggest that binding fo the microsomal protein, which wasa't present in the Kg-measuroment oxperinens,
conld have altored the partitioning between air and Hauud phases, thereby resulting in the changed mass tmasfer. I true, this could be
expdained in the model by changing the waienair partition cocfficient, Mavbe vou can test the hypothesis that way ahead of owr
meating, =0 wo koow i T8 & valid explanstion or not. The microsomal concontration was 0.5 mghnl ~ 0.83%, 5o 1 don't keow that &
could aler partitioning oo much, but i would be good o know shead of the 12V if changing the PC alone o any extent conld explain
the apparont discrepancy.

~Faul
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From: Harvey Clewell <H{lswell@ramboll.com>

Sent: Tuesday, May 14, 2019 4:40 PM

To: Schlosser, Paul <Schiasser.Paul@enn.sov>

Cc: Jerry Campbell <iCamphell@ramboll.com>; Michael Dzierlenga <M DZIERL ENGAGE ramboll.com>; Robinan Gentry
<rgertry@rambolicom>

Subject: chloroprene

Hi Paul

Here is the revised manuscript on the chloroprene PBPK model, plus all of the supplemental materials that can be sent
via email. The R model and two additional supplemental files {the lISRP report on the in vivo study and the Teklab
report on the Kg study) will be transmitted separately, but | don’t think you will really need to look at them at this point.

I’'m going to be in Netherlands next week for Alina Efremenko’s PhD ceremony, so it would be great if we could get
together sometime this week to talk about the new analyses documented in the paper. Would that be possible? Jerry
and | are free pretty much any time.

With kind regards

Harvey Clewell

PhD, DABT, FATS

Principal Consultant

Ramboll Environment and Health Consulting
Research Triangle Park, NC 27709 USA
helewsii@rambolleem

919-452-4279
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Message

Sent: 6/6/2019 11:52:30 AM
To: Harvey Clewell [HClewell@ramboll.com]
CC: Jerry Campbell [JCampbell@ramboll.com]; Michael Dzierlenga [MDZIERLENGA@ramboll.com]; Robinan Gentry

[rgentry@ramboll.com]; mandersei Personal Matters / Ex. 6 iThayer, Kris [/o=Exchangelabs/ou=Exchange
Administrative Group (FYDIBOHF23SPDLT)/cn=Recipients/cn=3ced4ae3f107749c¢6815f243260df98c3-Thayer, Kri];
Vandenberg, lohn [/o=Exchangelabs/ou=Exchange Administrative Group
(FYDIBOHF235PDLT)/cn=Recipients/cn=dcae2b98a04540fb8d099f9d4dead690-Vandenberg, John]; Bahadori, Tina
[/o=Exchangelabs/ou=Exchange Administrative Group
(FYDIBOHF23SPDLT)/cn=Recipients/cn=7da7967dcafb4c5bbc39c666fee’ lec3-Bahadori, Tinal; Morozov, Viktor
[/o=Exchangelabs/ou=Exchange Administrative Group
(
[
(

FYDIBOHF23SPDLT)/cn=Recipients/cn=03cc9abb639c453fabc2bbb3e4617228-Morozov, Viktor]; Davis, Allen
/o=Exchangelabs/ou=Exchange Administrative Group
FYDIBOHF23SPDLT)/cn=Recipients/cn=a8ecee8c29c54092b969e9547ea72596-Davis, Allen]; Sasso, Alan
[/o=Exchangelabs/ou=Exchange Administrative Group
(FYDIBOHF23SPDLT)/cn=Recipients/cn=8cb867519abcddcead8149d12ef3e8e9-Sasso, Alan]; Kapraun, Dustin
[/o=Exchangelabs/ou=Exchange Administrative Group
(FYDIBOHF23SPDLT)/cn=Recipients/cn=3a53¢151b922472fbfb295ed5df982a7-Kapraun, Dul; Sonja Sax
[SSax@ramboll.com]; Ken Mundt [kenneth.mundt@cardno.com]; Miyoung Yooni Personal Matters / Ex. 6
Kenyon, Elaina [/o=Exchangelabs/ou=Exchange Administrative Group
(FYDIBOHF235PDLT)/cn=Recipients/cn=0395d5b93f214¢8ca49066f498f7d5¢93-Kenyon, Elaina]

Subject: RE: chloroprene -- in vitro system

Harvey, all,
Isaw Kris’ and Tina's notes, but started thes response last night, so i doesn't have those o the thiead

The guestion hore 8 not the validity of the data, but the inferpretation and application of those data. The metabolic data are aot divect
meastrements of the rate of metabolism in the microsoma! environment in which i occurs, bt mensuroments of OF concentration in
the headspace above an ingubation mixture, which i 99.95% aquoous biffer. A computational model 15 used 1 ostimate apparent
Winay and Km values in the mixtme based on those data, The gugstion is whether thet compuiational mode! and honce the way in
which the parameters are applied for nse ina PBRPE model are valid

My understanding is that way back it was recognized

“irst, the Blank experiments wher Matt measured the svstom fosses in the absonce of metabolsm show %im' there 19 at best mirimal
specific binding, with which the microsomes mught compeie. When measuring partition cootlicionts, Hssues are bomogenized in

i is asswmed that the vobime of the buffor and the waterair PO can be used to calonlate how mmch of the gas isinthe

b balance how wnch 18 o the tssue. I assume that the microsome:alr PO is the same a8 Hvernair, by the same type of

caloulation, Ezs: extent to which that conld impact paritioning from the air 1 the incohation medinm s neghgible, since the

muerosomes are ondy 4.05% of the medion. To argue with that 5 to argue with the methed by which PUs are estimated.

The data are valid, T am sot argoing that. But the data are measvroments of gag concontration i the headspace above an incubation
mixture, Yoet® diroct measurements of the mate of reaction as a fanciion of concentration in the nouhation medium. These data are
being interpreted, to extract meisbolic parsneters, using a mode] that assumes the sysiom s well-mixed and that the metabelic
parametors can be estimated based on the amount wimoved from the headspace, and the water atr partition coeflicient, Le., assiuning
the same concentration in the ontie mixturg,

i it were somehow trae that the microsomes stgnificantly aliored the partitioning, then this computationa! estinate of concentration in
the maicrosomes where the envyine s functioning is also wrong, honce the estimated Kinetic parameters would be wrong.

Fam working under the assumption that Donka paid to collect are also valid data, and are applicable 1o the in vitro metabolism
gxperiments.

And I don't think wo noed to make rather stretehod hypotheses about what 2 small amonnt of microsomes might do fo partitioning o

g
explain the discropancy. Buot what T do belicve that the combived data show is thet the computational mode! being used to interpret
the data is incorrect: the data are valid, but there's a problom with the model In particalar, T dow't believe vou can have the resistance
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1o nwss transfer that was measured and complete mixing i3 svsiem where metabolisin is that high Honly appearsto bea
sHzcropaney when vou assume the systom is well mixed

Pye set up an aliorate model where the Bauid phase s divided tote 10 Iavers. 1 ust have very preliminary wsults, need to do some
morg fosting, but T beliove it oan it both the Kg data and the motabolic data with a conmmon sot of parameters.

O the one hand, vou are vight that we don't know the oxact mixing speed that Matt used, eto. On the other band, vou obiained a Kg
which is romarkably, wmarkably close w the one [ estimated for benrene way back. [ don't think that's just a cobnctdence, but s
sayving that the resistance w diffusion in water i3 similar for small VOTs whose molecndar weights are nol too far apart.

T did sogpest frving o 111 the Kg fo the data, but T didn’t think vou would get somethiy
boliove the 003

1z that reh higher than was measured. Tdon't
RSP can canse a 20-fold incroase in the vate of mass transfer, no way.

When we talked and Jenry showed me the rosulis a fow weeks back, 1 couldn’t think of 2 better explanation. Bt still, the discrepancy
was there. . Whe iz it that said models are most useful when they fail bocause that teaches us something? To argue awsy part of the
data just boeause i makes the model fail is not kearning from the fatlurs. Fm sory 78 taken me so long to bave this roalization sbont
mixing, but i may matier for the interpretation of othor data sets where the in vivoe metabolism i3 pot rate Bmiting. And 1t may matter
in cetimating the lung parameters, which are key fo that metne.

Vi protty sure that T also suggested that for the data sets which could be fitted with the Kg as measured, vou use that Kg, not the one
fitted to the Bver data. That's not what was done, and 'H want to see if it makes any differonce for the lung metabobism simulations,

By the way, inthe soript 1 have for the mouse Bvey metabolsm the prodein content was sef to be T mg/mb, but Matts paper says i was
8.5 mg/ml So that would impact the IVIVE by a fsctor of 2, 11 1 wasn 't canght/corrocied 1o the alest revision.

B 18 a shame ;§ r;(x one s collecting such data now, stace that would mean using ki,mi t methods for VOUs where there aren’t the data,
f thought we stilt have labs and oo pmeat i here where they can be done. Whether w78 toportmt coongh (o do for this particalar
chomical, or fo Eamim our ability to tninrpret such data forothor VOUs s 8 qs.;mmm The plots that John Wambaogh shows
comparing IVIVE prodictions o actual PE dats indicaio i can be off by an erder of magnttude o more, 8o 1oy chomicals where ?5(«§b
are to i vive data we eithor buld thet unceriainly o e nsk estimaion, or we find 2 way to reduce it Toproving owr ability &
inferpret tnvitre data with g Himtled set of oyvpertments, even # they can’t be done by a contradt Iab, sutomated met hmis gl ‘m
worthwhile 1 # can roduce the prodiction orvor across mnltiple chomicals,

s the ond § beliove that i 3 model s based on assnmptions that are invalidated by e data in hand, then the parameton Ehat SO
fromn using that model are uncertain, oven if the dats are valid, In this case the uncertainty may be scoeptable, bocause the invivo PR
is How Hmited. Bat § want o complete 2 bt more analysis with the mudd-laver model before convincing mysell of that

<Pl

From: Harvey Clewell <HClewell@ramboll.com>

Sent: Wednesday, June 05, 2019 6:34 PM

To: Schlosser, Paul <Schlosser.Paul@epa.gov>

Cc: Jerry Campbell <JCampbell@ramboll.com>; Michael Dzierlenga <MDZIERLENGA@ramboll.com>; Robinan Gentry
<rgentry@ramboll.com>; manderseni Personal Matters / Ex. 6 | T hayer, Kris <thayer kris@epa.gov>; Vandenberg, John
<Vandenberg.John@epa.gov>; Bahadori, Tina <Bahadori.Tina@epa.gov>; Morozov, Viktor <Morozov.Viktor@epa.gov>;
Davis, Allen <Davis.Allen@epa.gov>; Sasso, Alan <Sasso.Alan@epa.gov>; Kapraun, Dustin <Kapraun.Dustin@epa.gov>;
Sonja Sax <SSax@ramboll.com>; Ken Mundt <kenneth.mundt@cardno.com>; Miyoung Yoon

| Personal Matters / Ex. 6 1>; Kenyon, Elaina <Kenyon.Elaina@epa.gov>

Subject: RE: chloroprene -- in vitro system

Hi Paul

. to investigate your hypothesis regarding diffusion limitation in the liquid phase. However, even though the experiment
you describe may sound simple, performing it correctly would be just as difficult as the original studies conducted by
Matt Himmelstein. Unfortunately, there is no longer anyone conducting these kinds of studies. Both John Wambaugh
at NCCT and | have tried to identify laboratories with experience in conducting in vitro metabolism studies with volatiles,
but we have both been unsuccessful. That is why Denka had to use an environmental contract laboratory to conduct the
Kg study.
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I have discussed this question with Miyoung Yoon, who is now at FDA, and it was she who suggested that the presence
of microsomes in Matt’s studies would have greatly increased the availability of chloroprene for metabolism by
competing with other sources of non-specific binding. She is the most experienced researcher in the area of in vitro
metabolism that | know of. I'm afraid this difference in opinion will need to go unresolved, however, not only because
the necessary studies are impractical but also because the relevance of any new results to Matt’s published studies
would be highly uncertain. The difficulty is that Kg is just an empirical parameter that represents the rate of mass
transfer under specific experimental conditions. Most importantly, as mixing is increased, the transition from simple
diffusion to laminar convection and then to turbulent convection impacts the rate of mass transfer in a nonlinear
manner, so extrapolation from one experiment to another would be extremely difficult.

| have also discussed this question with Mel Andersen, and he believes that the published in vitro data are completely
reliable. He agrees with the approach you suggested for estimating Kg from the male mouse liver metabolism data by
fixing Km at the value of 1 uM supported by the literature on cyp2E1 substrates. Re-estimating the metabolism
parameters with the estimated Kg results in a 25% decrease in risk compared to using the published values. Values of Kg
lower than the value estimated from the metabolism data would reduce risk estimates even further. |just don’t see the
benefit of performing any additional studies.

With kind regards

Harvey Clewell

PhD, DABT, FATS

Principal Consultant

Ramboll Environment and Health Consulting
Research Triangle Park, NC 27709 USA
nolewsidramboll com

919-452-4279

From: Schlosser, Paul [imgilto:Schiosser. Paul@epa.gov]

Sent: Wednesday, June 5, 2019 9:57 AM

To: Harvey Clewell <HClewell@ramboll.com>

Cc: Jerry Campbell <{Campbell@rambol.com>; Michael Dzierlenga <M DZIERLENGA® ramboll.com>; Robinan Gentry
<rgentry@ramboll.com>; mandersen < prconal Matters / Ex. 6 Thayer, Kris <thaver.kris@epa.gov>; Vandenberg, John

<Yandenberg lohn®@epa.pov>; Bahadori, Tina <Hahador, rmf‘f_;fe a.u0v>; Morozov, Viktor <Morozov Vikior@epa.gov>;

Davis, Allen <Davis. &llen@epa.gov>; 5asso, Alan <Sasso Alan@epa.gov>; Kapraun, Dustin <Kapraun.Bustin®epa.gov>;

Sonja Sax <5Sax@rambollcom>; Ken Mundt <kenneth.mundi@cardno.com>; Miyoung Yoon

< Personal Matters / Ex. 6 -Kenyon Elaina <Eenvon.tlsina@enagow>

Subject RE: chloroprene -- in vitro system

Pve changed the sulsiect w botior reflect the topic,

This moming | realized there’s actually a Sairly shiaple experiment that conld determine i my hyvpothesis on diffusion Hmitation in the
tiguid phase is correot rin incubations with ¥ {or less) of the wial incubation mixiure, concentrations of microsomes, ete, otherwise
the same. {We'd want to have parallel oxporiments, same fab, same microsomes, o, with full volume )

 the svstom is well mixed, a8 the ummi maded SUZERSLS, then the mate at which chlomprene s ramoved from the headspace

A £
{mass/time would be reduced by Y, singe there's ¥ the microsonwes doing the work, You'd have to ingorpomie the change i head-
space velime in the caloulation (;;thm WaY L

Alternately, if there is diffusion Bmitation, with the mjcmgmrssai: asar the surfhce doing the bulk of the metabelism. then the e of
chiamg}rme removal wonld not be reduced by 20 A higher Baction of the microsomes would be near the aivliquid interface, so the
ate of romoval por g microsome in the system would be higher

Since the concentration in the incubation solution is effectively calculated by mass balance, this would also lead to an increase inthe
gatimnated concentration associated with a given mite of metabolism, m pretty sure. The result would then also be an increase inthe
apparent K

Dioing these experiments would then ovaluate the extent to which mass transport in the Hguid phase is Hmiting In this systom, using
live/active microsomes, doosn't reguire any wmore elaborate analviic methods than abready cmploved.
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~Pand

From: Schlosser, Paul

Sent: Tuesday, June 04, 2019 5:14 PM

To: Harvey Clewell <HCiswell@rambollLoom>

Cc: Jerry Campbell <{Camphell@ramboll.com>; Michael Dzierlenga <} DZIERL ENGAG ramboll. com>; Robinan Gentry
<rgentry@rambollcom>; mandersen < Personal Matters / Ex. 6 1>: Thayer, Kris <thayer.krisd@ena.gov>; Vandenberg, John
<Yandenberg lohn@ena.gov>; Bahadori, Tina <Bahadori Tina@epa.sov>; Morozov, Viktor <Maorozov Vikior@ena sov>;
Davis, Allen <Davis. Alleni@epa.gov>; Sasso, Alan <Sasso Alan@epa.zov>; Kapraun, Dustin <Kapraun.Bustin®epa.zov>;
Sonja Sax <SSax@rambollcom>; Ken Mundt <kennethmundt®cardno.com>; Miyoung Yoon

| Personal Matters / Ex. 6 £>
Supjects RETTHIOToprere~- Bayesian analysis

Harvey, all,

Inthe K g experinents, if the sampling of the hguid phase i well into the Hoguid, away from the aivhiguid interface, bt mixing is
sufficient (o keep microsomes ovenly distributed, thern i's possible for the OF concentration near the surface to be higher, loss limited
by mass fransfor resistance. than in the middle or bottom. B the microsomes near the swrface are responsible for the sagority of the
metabolism, then that could explain the diserepancy between the Kg datimode! and the metabolic data.

Bt that would also mean that the sctivity of those microesemes was higher then currcatly estimated . only 10% of the microsomes
{those noar the surface) are responsible For the metabolism, the actual Visax woukd be 10x hagher per mg microsomes, for

sxample, Stoce the i vive P are How lintted, the fits to those data wondd be the same, i Vimax o the Hvery 15 sctually 10x higher,
these in vive daia don't ivalidate this hypothasis,

The ncabation results woald sl be Hnear with microsome content by this explanaiion, prosuming they are well maxed. Using % the
ol microsomes woukd pot that much foss near the swrface, rosuliing tn g proportional decrease tn romoval Bom the gas phase, s
saving that uoder conditions of high meiabobic activity, the assmnption of a well-mixed tseubation volume is sot valid, 1 think that's
mree Tikely than a small faction of microsoemes significantly affecting transport through the endire volume.

Good evening, uniil tomorow!

~Pand

From: Harvey Clewell <HUlewelli@ramboll.com>

Sent: Tuesday, June 04, 2019 2:12 PM

To: Schlosser, Paul <Schiasser.Paul@enn.sov>

Cc: Jerry Campbell <iCamphell@ramboll.com>; Michael Dzierlenga <M DZIERL ENGAGE ramboll.com>; Robinan Gentry
<rgentry@ramboli.com>; mandersen <{ personal Matters / Ex. 6 P, Thayer, Kris <thayer kris@ena.gov>; Vandenberg, John
<¢andenberz lohn@ena.goes; Bahado'ri, Tina <fahador Tinade a.80v>; Morozov, Viktor <Morozov Vikior@epa sov>;
Davis, Allen <Davis.Alleni@epa.gov>; Sasso, Alan <Sasso Alan@epa.zov>; Kapraun, Dustin <Kapraun.Bustin®epa.zov>;
Sonja Sax <SSax@rambollcom>; Ken Mundt <kennethmundt®cardno.com>; Miyoung Yoon

Personal Matters / Ex. 6 >
Subject: RETCHIGFOprene -- Bayesian analysis

Hi Paul

I do not agree that the apparent discrepancy between the Kg experiments and the metabolism experiments leads to
parameter uncertainty. To break the collinearity between Km and Kg, we have followed your suggestion of fixing Km at
a value based on the literature for cyp2el substrates (1 uM), and have re-estimated Vmax and Kg in the male mouse
liver, which shows the highest rates of metabolism. The resulting value of Kg represents the maximum limitation on
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transport in the in vitro studies that is consistent with the data. It does not demonstrate, however, that there was any
significant transport limitation in those studies.

Personally, | have complete confidence in the metabolism data collected by Matt Himmelstein and in the approach he
used for its analysis. | see no evidence to support an assumption of transport limitation in his studies. The constants
derived in the published analysis are consistent with a large body of work on jn vivo estimation of kinetic constants for
clearance of well-metabolized vapors (i.e., with relatively low Km values). Moreover, assuming that there was a
significant limitation on transport in these studies results in Km values that are implausibly low, which in turn results in
lower risk estimate compared to use of the published values.

The discussion below of the role of plasma proteins on metabolism is from James Gillette’s 1973 paper in the Annals of
the NY Academy of Science. He suggested that binding proteins in the plasma can accelerate metabolism by acting as
carriers of a drug to the vicinity of the hepatocytes. | believe that microsomal proteins can play a similar role in the in
vitro studies: in the presence of mixing, non-specific binding of a lipophilic compound to proteins can serve to overcome
the transport limitation associated with penetrating the aqueous media. In other words, since chloroprene is lipophilic,
diffusion through the aqueous media in the in vitro assay would normally be rate-limiting, but if the media is well-mixed
and contains microsomal proteins, then non-specific binding of chloroprene to the microsomes could greatly enhance its
availability for metabolism.

Unfortunately, investigating this effect in the in vitro system would not be at all straightforward, because the
microsomal proteins serve both as the site of metabolism and as a source of non-specific binding that competes with the
surface of the vial. In fact, | do not believe it is possible to experimentally determine a Kg that would be appropriate in
any microsomal metabolism study, because of the dual role that the microsomes play (metabolism and non-specific
binding). Denaturing the microsomal proteins in order to eliminate metabolism would also alter their tertiary binding
structure.
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With kind regards

Harvey Clewell

PhD, DABT, FATS

Principal Consultant

Ramboll Environment and Health Consulting
Research Triangle Park, NC 27709 USA
holaweli@rambelloom

919-452-4279

From: Schlosser, Paul [mailto:Schiosser Pould@ena.zov]

Sent: Friday, May 31, 2019 11:41 AM

To: Harvey Clewell <HClswel@rambeollcom>

Cc: Jerry Campbell <}Campheli@ramboll.com>; Michael Dzierlenga <MBDZIERLENGA @ ramboll .com>; Robinan Gentry
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rzentryi@rambollcom>; Thayer, Kris <thaver kris®@epa.gov>; Vandenberg, John <Vandenbere lohni@epa.gov>;
Bahadori, Tina <Bahadori Tina@epa.gov>; Morozov, Viktor <Morozov. ¥ikior@epa.gov>; Davis, Allen
<DavisAllen®epa.sov>; Sasso, Alan <Sasso Adan@epa.gov>; Kapraun, Dustin <Kapraun. Dustin®ena.gov>
Subject: RE: chloroprene -- Bayesian analysis

Harvey, ali,
{Addiog Dustin Kapraone PH cateh vou up later)

Food for thought for Jane 12

Regarding the in viteo asalvses, the apparent discrepancy between the "Kg” experiments and the metabolic axperiments leads {o
pammeter unceainty. K and the Kim values can’t be cstimated Independently from only the motbolic oxperimonts, 88 vou sinie in
the mamnseript. But to fully estimate the fimpact of that uncorainty in subsoguent risk estimation, one could potentially use the rosulis
of & Bavesian anadvsis, not just the mean vahes, b the parameter distributions,

]

S0 the first estimation of Kgt and P (from data withomt microsomes) rosuadiod dn a joind distribuotion of these parametors. Some of those
data are consistent with a higher P and Kgl thas the mean values ~ the upper data in Figure B-1 Likewise vour woview of the
Hterature on Kim values effectively provides an informed prior on that paramcter. Instead of fixing one or the other of these, formal
Bavesian anabvats could use those as priors when analyring the data with aotive microsomes, §wonder i thore are valnes of Kgiand P
consisiont with the upper end of the Kg-data (e, within the uncentainty given those data) that are alse consistent with the motabolic
data?

Fprosinme the Kg experiments, ke the metabolic experdments, invobved repeated measares, which noeds w be properly accounted for
in setting up the Bkelibood caloudation in order to estimate the troe uncertainty, fill possible range of parameters. The munber of
indepondent expenimonts in Figure Bl 18 a lot less than the number of data points, yos7 (Singe there are olusters of pink points af gach
Hme point, I's more than the number of colors usedy The estimated paranetor uncertainty estimate would be too low i all the data
are froated as indopendent. Likewise for the metsbolic experiments.

Fit wasn't done ﬁ}i% way {accounting for repcated meoasures o the likelihood; formal Bavesian seguential parameter estimation), bow
hard wou Id it be? To unpack this fully, and considor options, we way nieed to have original data by exporimental unit (incubation
vial), i 17z aot already sof up that way.

~Fat

From: Schlosser, Paul

Sent: Thursday, May 30, 2019 8:06 AM

To: Harvey Clewell <HClswel@rambeollcom>

Cc: Jerry Campbell <}Campheli@ramboll.com>; Michael Dzierlenga <MBDZIERLENGA @ ramboll .com>; Robinan Gentry
<rgentry@ramboll.com>; Thayer, Kris <thaver kris@epa.gov>; Vandenberg, John <Vandenberg lohnifena.gov>;
Bahadori, Tina <Baghadori. Tina@epa.gov>; Morozov, Viktor <Morozov Vikiorf@epa.gov>; Davis, Allen
<Davis.Allen@®@epa.gov>; Sasso, Alan <Sasso.Alan@ena.gow>

Subject: RE: chloroprene

Harvey, all,
{Uopying EFA ol

In the manuseript, vou suggest that binding fo the microsomal protein, which wasa't present in the Kg-measuroment oxperinens,
conld have altored the partitioning between air and Hauud phases, thereby resulting in the changed mass tmasfer. I true, this could be
expdained in the model by changing the waienair partition cocfficient, Mavbe vou can test the hypothesis that way ahead of owr
meating, =0 wo koow i T8 & valid explanstion or not. The microsomal concontration was 0.5 mghnl ~ 0.83%, 5o 1 don't keow that &
could aler partitioning oo much, but i would be good o know shead of the 12V if changing the PC alone o any extent conld explain
the apparont discrepancy.

~Faul
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From: Harvey Clewell <H{lswell@ramboll.com>

Sent: Tuesday, May 14, 2019 4:40 PM

To: Schlosser, Paul <Schiasser.Paul@enn.sov>

Cc: Jerry Campbell <iCamphell@ramboll.com>; Michael Dzierlenga <M DZIERL ENGAGE ramboll.com>; Robinan Gentry
<rgertry@rambolicom>

Subject: chloroprene

Hi Paul

Here is the revised manuscript on the chloroprene PBPK model, plus all of the supplemental materials that can be sent
via email. The R model and two additional supplemental files {the lISRP report on the in vivo study and the Teklab
report on the Kg study) will be transmitted separately, but | don’t think you will really need to look at them at this point.

I’'m going to be in Netherlands next week for Alina Efremenko’s PhD ceremony, so it would be great if we could get
together sometime this week to talk about the new analyses documented in the paper. Would that be possible? Jerry
and | are free pretty much any time.

With kind regards

Harvey Clewell

PhD, DABT, FATS

Principal Consultant

Ramboll Environment and Health Consulting
Research Triangle Park, NC 27709 USA
helewsii@rambolleem

919-452-4279
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Message

Sent: 6/6/2019 11:47:03 AM
To: Harvey Clewell [HClewell@ramboll.com]
CC: Jerry Campbell [JCampbell@ramboll.com]; Michael Dzierlenga [MDZIERLENGA@ramboll.com]; Robinan Gentry

[rgentry@ramboll.com]; mandersen Personal Matters / Ex. 6 ;; Thayer, Kris [/o=Exchangelabs/ou=Exchange
Administrative Group (FYDIBOHF23SPDLT)/cn=Recipients/cn=3ced4ae3f107749c¢6815f243260df98c3-Thayer, Kri];
Vandenberg, lohn [/o=Exchangelabs/ou=Exchange Administrative Group
(FYDIBOHF235PDLT)/cn=Recipients/cn=dcae2b98a04540fb8d099f9d4dead690-Vandenberg, John]; Bahadori, Tina
[/o=Exchangelabs/ou=Exchange Administrative Group
(FYDIBOHF23SPDLT)/cn=Recipients/cn=7da7967dcafb4c5bbc39c666fee’ lec3-Bahadori, Tinal; Morozov, Viktor
[/o=Exchangelabs/ou=Exchange Administrative Group
(
[
(

FYDIBOHF23SPDLT)/cn=Recipients/cn=03cc9abb639c453fabc2bbb3e4617228-Morozov, Viktor]; Davis, Allen
/o=Exchangelabs/ou=Exchange Administrative Group
FYDIBOHF23SPDLT)/cn=Recipients/cn=a8ecee8c29c54092b969e9547ea72596-Davis, Allen]; Sasso, Alan
[/o=Exchangelabs/ou=Exchange Administrative Group
(FYDIBOHF23SPDLT)/cn=Recipients/cn=8cb867519abcddcead8149d12ef3e8e9-Sasso, Alan]; Kapraun, Dustin
[/o=Exchangelabs/ou=Exchange Administrative Group
(FYDIBOHF23SPDLT)/cn=Recipients/cn=3a53¢151b922472fbfb295ed5df982a7-Kapraun, Dul; Sonja Sax
[SSax@ramboll.com]; Ken Mundt [kenneth.mundt@cardno.com]; Miyoung Yoon | Personal Matters /Ex. 6 |
Kenyon, Elaina [/o=Exchangelabs/ou=Exchange Administrative Group
(FYDIBOHF235PDLT)/cn=Recipients/cn=0395d5b93f214¢8ca49066f498f7d5¢93-Kenyon, Elaina]

Subject: RE: chloroprene -- in vitro system

Harvey,

First, the blank experiments where Matt neasured the system losses o the absence of metabolism show that there is &t best mirdmal
romespecific binding, with which the wicrosomes might compete. When measuning partition cocfiicionts, tissues are homoganized in
buffor and ¥ is assumed that the volume of the buffer and the wateradr PC can be used to oalonlate how much of the gas s inthe
buftor, by mass balance how much is in the tissue. I assnme that the microsome air PO iz the same a3 Uverain, by the same type of

Hcrosomes are ondy .039% of the modium, To argue with that s fo argue with the mothod by which FCOs are estimated,

The data are valid, T am sot argoing that. But the data are measvroments of gag concontration i the headspace above an incubation
mixfure, Yoet® direct measurements of the mate of reaction as a function of concentration in the ncobation medinm. These data arg
being intorpreted, o exiract meiabolic parameters, using a modad that asswmes the svatom s wellanixed and that the metabolic
prrvametors can be ostimated based on the amount removed from the hoadspace, and the walerair partition cooffoient; 1o, assuming
the same cotoentmtion in the entire mikhng,

i were somehow froe that the microsones signiflcantly aliered the partitioning, then this computational estimate of concentraiinn in
the microsomes where the eneyme s Tunctioning 15 also wrong, hence the estimated Kinetic parameters would be wrong,

{ar working under the assumption that Donka paid o collect are also valid data, and am applicable 1o the o vitro metabolism
sxperiments,

gxplain the discrepancy. But what | do boliove that the combined data show s that the computational model being used to inlorprat
the data iz incorrect, the data sre valid, bt there's 1 problem with the modell o particudar, T don't believe vou can have the resistance
0 mass transtor that was measured and conplele mixing 10 g systom where meiabolism i that high Tonly appears o be a
dizcrepancy when vou assume the system 8 well maised

Pye set up an aliorate model where the Bauid phase s divided tote 10 Iavers. 1 ust have very preliminary wsults, need to do some
morg fosting, but T beliove it can 3 both the Ko data and the metabolic data with a comunon sot of paramgters.

O the one hand, vou ave right that we don't know the oxact mixing speed that Matt used, ete. On the other hand, vou obinined a Kg
which is romarkably, wmarkably close w the one T estimated for benwene way back. don’t think that's just a codncidence, bt is
saving that the resistance to ditfasion in water is similar for small VU whose molecudar weights are pot too far apart,
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Eolid suggest tryving to 18 the Kg o the data, bt | dide™t think vou would get something that much Mgher than was measured. [ don't
boliove that 0,089, MSP can canse a 20-fold inorease 1o the rato of mass transfor, no way.

Whoen we fathed and Jorry showed nie the rosulis a1 fow weeks back, Toonldn’t think of 2 botior oxplanatdon, But still, the discropancy
was there, . Whe s ¥ that satd models are most usefid when they faill because that ieaches us something? To avgye away part of the

dhata fust becanse i makes the moded Sl s not leaming from the Sathue, Do soory 75 taken me so long (o have this realization about
mixing, bot # may mattor for the interpretation of other data seis whese the tn vive metabolisin is not rate Himiting. And 1 may matter
in estimating the lung parametors, which are key to that motric,

P protty sure that T alse suggestod that for the data sets which could be fitted with the Kg as measured, vou use that Kz not the one
fited 1o the Hver data. That's not what was done, and 'l ward 1o seo it makes any differencs for the long metabolism simulations,

By the way, in the script 1 have for the mouse Hver meinbolism the protein conlent was sof to be | mg/mb, but Matt's paper savs # was
0.5 mgfml So that would tnpact the IVIVE by a factor of 2, i i wasn't canghticorected in the latest revision

His a shame i no one s collocting such data now, since that would mean using default methods for VIOCUs where there aren’t the data,
T thought we still bave labs and equipment hore where they can be done. Whether #'s important enough to do for this particular
chemical. or o further our ability {o interpret such data for other VOUs 19 2 question. The plots that John Wambagngh shows
comparing IVIVE predictions to actual PE date indicato it can be off by an ordor of magnitude or more. Bo for chemicals where there
are no in vive data we cither build that nacoriainty into the risk estimation, or we find a way 1o roduce i Tmproving our ability to
interpret invitro data with a Hmted set of experiments, even if they can’t be done by a contract Iab, avtomated methods, might be
worthwhile 1 # can roduce the prodiction orvor across mnltiple chomicals,

Fothe ond 1 beliove that iF 3 noode! 5 based on assumptions that e validated by the data i hand, thon the parametors that cone
fromn using that wmode! are oncortain, oven i the data are valid, Inthis case the wnceriainty may be accepdable, booause the tnvive PX
i How bmied. Bat ] want o complete a b more analysis with the muit-laver model belore convineing nveell of that

~Fraud

From: Harvey Clewell <HClewell@ramboll.com>

Sent: Wednesday, June 05, 2019 6:34 PM

To: Schlosser, Paul <Schlosser.Paul@epa.gov>

Cc: Jerry Campbell <JCampbell@ramboll.com>; Michael Dzierlenga <MDZIERLENGA@ramboll.com>; Robinan Gentry
<rgentry@ramboll.com>; manderseni__Personal Matters / Ex. 6 _ Thayer, Kris <thayer kris@epa.gov>; Vandenberg, John
<Vandenberg.John@epa.gov>; Bahadori, Tina <Bahadori.Tina@epa.gov>; Morozov, Viktor <Morozov.Viktor@epa.gov>;
Davis, Allen <Davis.Allen@epa.gov>; Sasso, Alan <Sasso.Alan@epa.gov>; Kapraun, Dustin <Kapraun.Dustin@epa.gov>;
Sonja Sax <SSax@ramboll.com>; Ken Mundt <kenneth.mundt@cardno.com>; Miyoung Yoon

i Personal Matters / Ex. 6 |- Kenyon, Elaina <Kenyon.Elaina@epa.gov>

Subject: RE: chloroprene -- in vitro system

Hi Paul

. to investigate your hypothesis regarding diffusion limitation in the liquid phase. However, even though the experiment
you describe may sound simple, performing it correctly would be just as difficult as the original studies conducted by
Matt Himmelstein. Unfortunately, there is no longer anyone conducting these kinds of studies. Both John Wambaugh
at NCCT and | have tried to identify laboratories with experience in conducting in vitro metabolism studies with volatiles,
but we have both been unsuccessful. That is why Denka had to use an environmental contract laboratory to conduct the
Kg study.

I have discussed this question with Miyoung Yoon, who is now at FDA, and it was she who suggested that the presence
of microsomes in Matt’s studies would have greatly increased the availability of chloroprene for metabolism by
competing with other sources of non-specific binding. She is the most experienced researcher in the area of in vitro
metabolism that | know of. I'm afraid this difference in opinion will need to go unresolved, however, not only because
the necessary studies are impractical but also because the relevance of any new results to Matt’s published studies
would be highly uncertain. The difficulty is that Kg is just an empirical parameter that represents the rate of mass
transfer under specific experimental conditions. Most importantly, as mixing is increased, the transition from simple
diffusion to laminar convection and then to turbulent convection impacts the rate of mass transfer in a nonlinear
manner, so extrapolation from one experiment to another would be extremely difficult.
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I have also discussed this question with Mel Andersen, and he believes that the published in vitro data are completely
reliable. He agrees with the approach you suggested for estimating Kg from the male mouse liver metabolism data by
fixing Km at the value of 1 uM supported by the literature on cyp2E1 substrates. Re-estimating the metabolism
parameters with the estimated Kg results in a 25% decrease in risk compared to using the published values. Values of Kg
lower than the value estimated from the metabolism data would reduce risk estimates even further. |just don’t see the
benefit of performing any additional studies.

With kind regards

Harvey Clewell

PhD, DABT, FATS

Principal Consultant

Ramboll Environment and Health Consulting
Research Triangle Park, NC 27709 USA
nolewsidrambollcom

919-452-4279

From: Schlosser, Paul [mgiito:Schlosser. Paul@epa.gov]

Sent: Wednesday, June 5, 2019 9:57 AM

To: Harvey Clewell <H{Clewell@rambollcom>

Cc: Jerry Campbell <iCampheli@rambollcom>; Michael Dzierlenga <MBZIERLENGA® ramboll.com>; Robinan Gentry
<rgentry@ramboll.com>; mandersen < e i ks 1 Thayer, Kris <thaysr krisi@epa gov>; Vandenberg, John
<Vandenbere John@epa.zov>; Bahadori, Tina <Bahadori, Tina@ena.zov>; Morozov, Viktor <Morozov Vikior@ena.zov>;
Davis, Allen <Davis. &llen@epa.gov>; 5asso, Alan <Sassp.Alan@epa.gov>; Kapraun, Dustin <Kapraun.Bustin®@epa.gow>;
Sonja Sax <5Sax@rambolloom>; Ken Mundt <kenneth.mundi@cardno.com>; Miyoung Yoon

< Personal Matters / Ex. 8 iKenyon, Elaina <€znvon.Elina@epagov>

Subject: RE: chloroprene -- in vitro system

Pyve changed the subiect o betier refect the topic,

This morning | realized thare’s actually a fairly stple exporiment that could detennine i ny hypothesis on diffusion Bmtiation in the
tiguid phase is correot rin incubations with ¥ {or less) of the wial incubation mixdure, concentrations of microsonws, ete, otherwise
the same. {We'd want o bave paralie] experiments, same fab, same nucrosomes, o, with fufl volume. )

i the systom 3 well mixed, a3 the current mode! suggests, then the mte st which chlomprene is romoved from the headspace
{mass/time wonld be reduced by Y, singe there's ¥ the microsonwes doing the work, You'd have to ingorpomte the change i head-
space velmme in the caloulation (either way s

Alternately, #there is diffusion lmitation, with the mdorosomes near the sarface doing the bulk of the metabolism, then the mate of
chiooprene emoval wonld not be reduced by 4. A higher fraction of the microsomes would be near the atr Hauid tnterface, so the
mte of removal por mg meorosome i the systeny would be higher

Since the concentration in the incubation solution is effectively calculated by mass balance, this would also lead fo an inorease inthe
gatimnated copcentration associated with a given mte of metabolism,. m pretty sure. The result would then also be an increass inthe
apparent K

Dioing these experiments would then ovaluate the extent to which mass transport in the Hguid phase is Hmiting In this systom, using
five/active microsomes, doosn't require any more elaborate analyiic methods than abready cmploved.

~Faul

From: Schlosser, Paul

Sent: Tuesday, June 04, 2019 5:14 PM

To: Harvey Clewell <H{Clewell@rambollcom>

Cc: Jerry Campbell <iCampheli@ramboll.com>; Michael Dzierlenga <MBZIERLENGA® rambaoll.com>; Robinan Gentry
<rgentry@rambolloom>; manderseni personal Matters / Ex. 6 » Thayer, Kris <thaysr kris@epa aov>; Vandenberg, John
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<Yandenbere dohn@epa.zov>; Bahadori, Tina <Bahador, Tina@ena.zov>; Morozov, Viktor <Morozov Vikior@ena.zov>;
Davis, Allen <Davis. &llen@epa.gov>; 5asso, Alan <Sasso Alan@epa.gov>; Kapraun, Dustin <Kapraun.Bustin®epa.gov>;
Sonja Sax <5Sax@rambollcom>; Ken Mundt <kenneth.mundi@cardno.com>; Miyoung Yoon

i Personal Matters /Ex.6 1>

Subject: RE: chloroprene -- Bayesian analysis

Harvey, all,

fn the Kg experimenis, i the sampling of the hupid phase i3 well tdo the Bamd, away from the atrliguid imterface, but mixing &
safficient to keep microsomes cvenly distrtbuted, then i pussible Tor the OF concentration near the surdace to be bigher, less Bmited
by mass wansfor resistancs, than in the niddie or bottome B the microsomes near the surface are responsible for the majority of the
metabolism, then that could explain the discrepancy between the K data/mode! and the metabolic data

But that would also mean that the activity of those microsomes was higher than corrently estimated . i only 10% of the microsomes
{those near the sarface} are responsibie for the metsbolism, the actoal Vinax would be 10 higher por mig microsomes, for

example. Since the n vive FE ae flow Hmited, the fits to those data would be the same, i Ve o the Bver) 13 agtually 103 higher,
those in vive data don’t invalidate this hvpothesis,

The incubation rosults would still be linear with microsome contant by this explanation, presuming they are well mixed, Using ¥ the
total microsomes would pit that nmch less near the surface, resuliing in a proportionad decrease i removal from the gas phase. s
saving that under conditions of high metabolic activity, the assumption of a well-mbied incubation volume e not valid, 1 think that's
more Lkely than a small faction of microsomes sigoificantly affocting trausport through the entire voluine,

Good oventng, sl romarrow!

~Fraud

From: Harvey Clewell <H{lewsell@rambollcom>

Sent: Tuesday, June 04, 2019 2:12 PM

To: Schlosser, Paul <&¢hiosser. Paul@ena.sov>

Cc: Jerry Campbell <{Campbell@rarmboll.com>; Michael Dzierlenga <M DZIERLENGA& ramboll.com>; Robinan Gentry
<rgentry@ramboll.com>; mandersen Forsonal Miatters  EX. 6 i Thayer, Kris <thaver krisi@epa.gov>; Vandenberg, John
<Yandenbere dohn@epa.zov>; Bahadori, Tina <Bahador, Tina@ena.zov>; Morozov, Viktor <Morozov Vikior@ena.zov>;
Davis, Allen <Davis. &llen@epa.gov>; 5asso, Alan <Sasso Alan@epa.gov>; Kapraun, Dustin <Kapraun.Bustin®epa.gov>;
Sonja Sax <5Sax@rambollcom>; Ken Mundt <kenneth.mundi@cardno.com>; Miyoung Yoon

Personal Matters / Ex. 6 >
Subject: RETCHIOroprené ™~ Bayesian analysis

Hi Paul

| do not agree that the apparent discrepancy between the Kg experiments and the metabolism experiments leads to
parameter uncertainty. To break the collinearity between Km and Kg, we have followed your suggestion of fixing Km at
a value based on the literature for cyp2el substrates (1 uM), and have re-estimated Vmax and Kg in the male mouse
liver, which shows the highest rates of metabolism. The resulting value of Kg represents the maximum limitation on
transport in the in vitro studies that is consistent with the data. It does not demonstrate, however, that there was any
significant transport limitation in those studies.

Personally, | have complete confidence in the metabolism data collected by Matt Himmelstein and in the approach he
used for its analysis. | see no evidence to support an assumption of transport limitation in his studies. The constants
derived in the published analysis are consistent with a large body of work on jn vivo estimation of kinetic constants for
clearance of well-metabolized vapors (i.e., with relatively low Km values). Moreover, assuming that there was a
significant limitation on transport in these studies results in Km values that are implausibly low, which in turn results in
lower risk estimate compared to use of the published values.
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The discussion below of the role of plasma proteins on metabolism is from James Gillette’s 1973 paper in the Annals of
the NY Academy of Science. He suggested that binding proteins in the plasma can accelerate metabolism by acting as
carriers of a drug to the vicinity of the hepatocytes. | believe that microsomal proteins can play a similar role in the in
vitro studies: in the presence of mixing, non-specific binding of a lipophilic compound to proteins can serve to overcome
the transport limitation associated with penetrating the aqueous media. In other words, since chloroprene is lipophilic,
diffusion through the aqueous media in the in vitro assay would normally be rate-limiting, but if the media is well-mixed
and contains microsomal proteins, then non-specific binding of chloroprene to the microsomes could greatly enhance its
availability for metabolism.

Unfortunately, investigating this effect in the in vitro system would not be at all straightforward, because the
microsomal proteins serve both as the site of metabolism and as a source of non-specific binding that competes with the
surface of the vial. In fact, | do not believe it is possible to experimentally determine a Kg that would be appropriate in
any microsomal metabolism study, because of the dual role that the microsomes play (metabolism and non-specific

binding). Denaturing the microsomal proteins in order to eliminate metabolism would also alter their tertiary binding
structure.
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With kind regards

Harvey Clewell

PhD, DABT, FATS

Principal Consultant

Ramboll Environment and Health Consulting
Research Triangle Park, NC 27709 USA
holawsli@rambell.oom

919-452-4279

From: Schlosser, Paul [mailto:Schiosser Pould@ena.zov]

Sent: Friday, May 31, 2019 11:41 AM

To: Harvey Clewell <HClswel@rambeollcom>

Cc: Jerry Campbell <}Campheli@ramboll.com>; Michael Dzierlenga <MBDZIERLENGA @ ramboll .com>; Robinan Gentry
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<rgentryi@rambollcom>; Thayer, Kris <thaver kris@epa.gov>; Vandenberg, John <Vandenbere lohn@epa.gov>;
Bahadori, Tina <Bahadori Tina@epa.gov>; Morozov, Viktor <Morozov. ¥ikior@epa.gov>; Davis, Allen
<DavisAllen®epa.sov>; Sasso, Alan <Sasso Adan@epa.gov>; Kapraun, Dustin <Kapraun. Dustin®ena.gov>
Subject: RE: chloroprene -- Bayesian analysis

Havvey, all,
{ Adding Dustin Kaprwy P cateh vou op laex )

Food for thought for Jane 12

Regarding the in vitro analvees, the appatens discrepaney botween the "Kg7 experiments and the motabolic experimenis leads to
pammeter unceainty. K and the Kim values can’t be estimaied independently from only the motabolic experiments, s you stafe in

the mamnseript. But to fully estimate the Bimpact of that uncorainty in subsoguent risk estimation, one could potentially use the rosulis
of a Bavesian analvels, nod just the mean values, but the parameter distributions,

]

S the fisst esttmation of Kgt and P {from dats without microsomes) resulied in a joint distribution of these parameters. Some of those
data are consisient with a higher P oand K thas the mean values ~ the upper data in Figure B-1 Likewise vour wvigw of the
Hterature on Kim values effectively provides an informed prior on that paramcter. Instead of fixing one or the other of these, formal
Bavesian anabvats could use those as priors when analyring the data with active pucrosomes. §wonder i dhere are valies of Keland P
consisiont with the upper end of the Kg-data (e, within the uncentainty given those data) that are alse consistent with the motabolic
dain’!

Fprosinme the Kg experiments, ke the mombolic experiments, tovelved repeated measares, which noeds w be properly accounted for
in setting up the Bkelibood caloudation in order to estimate the troe uncertainty, fill possible range of parameters. The munber of
indepondent experimonts in Figume Bl 18 a ot less than the number of data points, yves? (Singe there are olusters of pink points af gach
Hme point, I's more than the number of colors usedy The estimated paranetor uncertainty estimate would be too low i all the data
are tfreated as indopendent. Likewise for the metabolic experiments,

i wasn't done this way {sccounting for repeated moasures in the lkelihood; formal Bayvesian seguential parametor ostimation), how
hard would it be? To unpack this fully, and consider options, wo may neod to have original data by experimental unit {incubation
viall iiUs not already ot up that way.

~Fat

From: Schlosser, Paul

Sent: Thursday, May 30, 2019 8:06 AM

To: Harvey Clewell <HClswel@rambeollcom>

Cc: Jerry Campbell <}Campheli@ramboll.com>; Michael Dzierlenga <MBDZIERLENGA @ ramboll .com>; Robinan Gentry
<rgentry@ramboll.com>; Thayer, Kris <thaver kris@epa.gov>; Vandenberg, John <Vandenberg lohniena. gov>;
Bahadori, Tina <Baghadori. Tina@epa.gov>; Morozov, Viktor <Morozov Vikiorf@epa.gov>; Davis, Allen
<Davis.Allen@®@epa.gov>; Sasso, Alan <Sasso.Alan@ena.gow>

Subject: RE: chloroprene

Harvey, ail,
{Copving BRA ol

In the manuseript, vou suggest that binding fo the microsomal protein, which wasa't present in the Kg-measuroment oxperinens,
conld have altored the partitioning between air and Hauid phases, thereby resulting i the changed mass mansfer. I true, this could be
explaived in the wodel by changing the walenair partition coefficiont. Mavbe vou can test the hypothesis that way ahead of owr
meating, =0 wo koow i T8 & valid explanstion or not. The microsomal concontration was ©0.5 mghnl ~ 0.83% s0 T dorw't know that i
could aler partitioning oo much, but i would be good o know shead of the 12V if changing the PC alone o any extent conld explain
the apparont discrepancy.

~Faul
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From: Harvey Clewell <H{lswell@ramboll.com>

Sent: Tuesday, May 14, 2019 4:40 PM

To: Schlosser, Paul <Schiasser.Paul@enn.sov>

Cc: Jerry Campbell <iCamphell@ramboll.com>; Michael Dzierlenga <M DZIERL ENGAGE ramboll.com>; Robinan Gentry
<rgertry@rambolicom>

Subject: chloroprene

Hi Paul

Here is the revised manuscript on the chloroprene PBPK model, plus all of the supplemental materials that can be sent
via email. The R model and two additional supplemental files {the lISRP report on the in vivo study and the Teklab
report on the Kg study) will be transmitted separately, but | don’t think you will really need to look at them at this point.

I’'m going to be in Netherlands next week for Alina Efremenko’s PhD ceremony, so it would be great if we could get
together sometime this week to talk about the new analyses documented in the paper. Would that be possible? Jerry
and | are free pretty much any time.

With kind regards

Harvey Clewell

PhD, DABT, FATS

Principal Consultant

Ramboll Environment and Health Consulting
Research Triangle Park, NC 27709 USA
helewsii@rambolleem

919-452-4279
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Message

From: Schlosser, Paul [/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP
(FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=121CF759D94E4FO8AFDEOCEB646E711B-SCHLOSSER, PAUL]

Sent: 10/29/2018 12:34:36 PM

To: HIMMELSTEIN, MATTHEW W [Matthew.W.Himmelstein@dupont.com}

CC: Davis, Allen [/o=Exchangelabs/ou=Exchange Administrative Group
(FYDIBOHF23SPDLT)/cn=Recipients/cn=a8ecee8c29¢54092b969e9547ea72596-Davis, Allen]; Sasso, Alan
[/o=Exchangelabs/ou=Exchange Administrative Group
(FYDIBOHF23SPDLT)/cn=Recipients/cn=8cb86751%abc4dcea88149d12ef3e8e9-Sasso, Alan]; Vandenberg, John
[fo=Exchangelabs/ou=Exchange Administrative Group
(FYDIBOHF23SPDLT)/cn=Recipients/cn=dcae2bh98a04540fb8d099f9d4dead690-Vandenberg, John]; Thayer, Kris
[fo=Exchangelabs/ou=Exchange Administrative Group
(FYDIBOHF23SPDLT)/cn=Recipients/cn=3ce4ae3f107749¢6815f243260df98c3-Thayer, Kril; Bahadori, Tina
[fo=Exchangelabs/ou=Exchange Administrative Group
(FYDIBOHF23SPDLT)/cn=Recipients/cn=7da7967dcafb4c5bbc39c666fee3lec3-Bahadori, Tinal; Harvey Clewell
[HClewell@ramboll.com]; Jerry Campbell [ICampbell@ramboll.com]; Robinan Gentry [rgentry@ramboll.com];
cvanlandingham@ramboll.com [fo=Exchangelabs/ou=Exchange Administrative Group
(FYDIBOHF23SPDLT)/cn=Recipients/cn=usereda39e51]; Sonja Sax [SSax@ramboll.com]

Subject: RE: Chloroprene In Vitro model
Matt,
Personal Matters / Ex. 6 | heard from Harvey that they are working on a contract to measure the gas-liquid

mass transfer coefficient, but it would still be helpful to have the lab report from the initial in vitro studies, as we can
also check the data against those, and the headspace sample volumes.

Thanks,
-Paul

From: HIMMELSTEIN, MATTHEW W [mailto:Matthew.W.Himmelstein@dupont.com]

Sent: Thursday, October 04, 2018 6:45 PM

To: Schlosser, Paul <Schlosser.Paul@epa.gov>; Harvey Clewell <HClewell@ramboll.com>

Cc: Davis, Allen <Davis.Allen@epa.gov>; Sasso, Alan <Sasso.Alan@epa.gov>; Vandenberg, John
<Vandenberg.John@epa.gov>; Thayer, Kris <thayer.kris@epa.gov>; Bahadori, Tina <Bahadori.Tina@epa.gov>; Jerry
Campbell <JCampbell@ramboll.com>; Robinan Gentry <rgentry@ramboll.com>; cvanlandingham@ramboll.com; Sonja
Sax <SSax@ramboll.com>

Subject: RE: Chloroprene In Vitro model

Sorry folks,

Personal Matters / Ex. 6

Matt

Matthew Himmelstein
DuPont Haskell Global Centers
Phone 302 451 4537

From: Schlosser, Paul [maiito:Schilosser Pouli@ena.zov]
Sent: Wednesday, October 03, 2018 2:12 PM
To: Harvey Clewell <HClswel@rambellcom>
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Cc: Davis, Allen <Davis Allen@@epa. gov>; Sasso, Alan <Sasso. Alani@epa.gov>; Vandenberg, John

<{andenberg ohn@epa.gov>; Thayer, Kris <thaver kris@epa.zov>; Bahadori, Tina <Bahadori. Tina@iepa.gov>; Jerry
Campbell <}Campbelifiramboll.com>; Robinan Gentry <rgentry@rambollcom>; cvanlandingham@ramboll.cormy; Sonja
Sax <SSamu@rambollcom>; HIMMELSTEIN, MATTHEW W <Matthew W Himmelstein@dupontoom>

Subject: [EXTERNAL] RE: Chloroprene In Vitro model

Harvey,

it struck me as unlikely that the Km values would differ by a factor of 400-500 between liver and lung, though some
difference could occur due to a different ratio of enzymes in each tissue.

Looking at the male mouse data, one interpretation is that the Km for the liver is somewhere in between 1.36 uM
{Yuching's value) and 0.0028, depending on KG. This includes the values of Km obtained from fitting the male mouse
lung data, with this air-liguid term in place. Below is rough, eyeball fitting, but with a value of KG = 0.2 and common
value of Km = 0.7 {and assuming that VIN] = 0.004 for the male mouse lung experiments, same as liver, but that's not too
big of a factor on this scale). | expect that with formal optimization the fits could be improved.

On the one hand, the results so far do suggest that the uncertainty here doesn’t have a large impact on the in vivo
predictions. But this also indicates that the dats available aren’t sufficient to say that the Km is really different between
the tissues evaluated, and a way to possibly reduce the uncertainty among all the parameters is to re-fit the KG, tissue-
specific Vmax values, and Km simultaneously to liver, lung, and kidney data; i.e., with a fixed Km.

*However®, | don’t suggest going anywhere with that until we get the report from Matt, to resolve the guestion of the
sample volume for the male lung and liver. | recall that it was set at ~ 4 ul in the code in the report Matt sent from the
2™ set of studies {Yuching’s code), for simulations of the older data, and while it doesn’t show much on the log scale, it
makes a difference on linear scale, will impact the optimization | believe,

-Paul

ED_002855_00005452-00002
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From: Harvey Clewell [mailio:HClewell@rambollcom]

Sent: Wednesday, October 03, 2018 11:41 AM

To: Schlosser, Paul <Schiosser. Paul@epa.gov>

Cc: Davis, Allen <Davis. Allen@@epa.eov>; Sasso, Alan <Sasso.Alani@eps.eov>; Vandenberg, John

<Wandenberg lohn@epa.gov>; Thayer, Kris <thaver krisé@epa.gov>; Bahadori, Tina <#shader. Ting B ena. gov>; Jerry
Campbell <}Campbel@ramboll.com>; Robinan Gentry <rgentry@rambollcom>; cvanlandingham @ramboll.corm; Sonja
Sax <5Sax@ramboll.com>; HIMMELSTEIN, MATTHEW W <Matthew W.Himmebtein@dunont.ocom>

Subject: RE: Chloroprene In Vitro model

Sorry Paul, I forgot to mention that these comparisons were run with updated in vitro to in vivo scaling parameters
recommended by Miyoung Yoon based on her review of information on protein content that’s available now as
compared to when Yang et al. (2012) was written. I mentioned that she was doing this when I gave the presentation
at EPA and she’s now completed it. So you can’t compare the results I sent you with the results using the original
Yang et al. (2012) scaling. If you'd like we can run the analysis again with the old scaling parameters.

Harvey Clewell
Principal Consultant

D +1 (919) 765-8025
M +1 (919) 4524279

From: Schlosser, Paul <Schiosser. Poul@ena.gov>

Sent: Wednesday, October 3, 2018 11:31 AM

To: Harvey Clewell <H{Clewell@ramboll.com>

Cc: Davis, Allen <Davis Allen@epa.gov>; Sasso, Alan <Sasso Alan@epa.gov>; Vandenberg, John

<Vandenbere lohn@epa.gov>; Thayer, Kris <thayer. krisdepa gov>; Bahadori, Tina <Bahadori Tina@epa.pov>; Jerry
Campbell <icampbeli@ramboll.com>; Robinan Gentry <rgeniry@ramboll.com>; Cynthia Van Landingham
<gvanlandingham@rambollcom>; Sonja Sax <ssax@rambollcom>; HIMMELSTEIN, MATTHEW W
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<Matthew W Himmebtein@dupont.com>
Subject: RE: Chloroprene in Vitro model

Harvey,
Something is odd with the results...
First, small thing, the lowest exposure should be 12.8 ppm, not 12.3.

But more significantly, when | run Female_mouse_dose_metric 2.R and _3.R, | get the following:

2.R

ppm AMP AMPLU AMPK
1 12.3 1.487844 0.7019859 0.003269034
2 32.0 3.910366 1.1611204 0.008441814
3 80.0 9.739528 1.5521656 0.020442855
_3.R

ppm AMP AMPLU AMPK
1 12.3 1.473707 0.9477216 0.001063307
2 32.0 3.888278 1.5712141 0.001577733
3 80.0 9.582979 2.1074212 0.001958602

These match almost exactly to the spreadsheet values you sent in August, but differ quite a bit from the ones sent
yesterday, “Yang et al. 2012 Table 3 Estimated Metabaolic Point Est. Used” for the female mouse.

Then, running the corresponding male mouse scripts:

_2.R—these numbers are a bit off of what was in the August 3" spreadsheet. For example, that lists AMPK(80 ppm) =
0.558
ppm AMP AMPLU AMPK
1 12.3 1.198161 3.797067 0.3334743
2 32.0 3.448833 6.485935 0.4666568
3 80.0 9.298214 8.621115 0.5440947

_3.R—these match the Aug 3 spreadsheet pretty well, just some off by +/- 0.001.
ppm AMP AMPLU AMPK

1 12.3 1.101225 5.001708 0.3441541

2 32.0 3.286599 8.565978 0.4547611

3 80.0 9.093323 11.280996 0.5152051

But again, quite different from results sent yesterday {left-most set).

it still seems crazy that the total metabolism in the male lung is greater than in the whole liver! But that aside, the
baseline tables sent yesterday seem to be off.

-Paul

From: Harvey Clewell [mailto:Hlewell @ramboll com]

Sent: Tuesday, October 02, 2018 5:27 PM

To: Schlosser, Paul <Schiosser Paul@enagoy>

Cc: Davis, Allen <Davis. Allen®@epa gov>; Sasso, Alan <Sasso. Alanfepa.gov>; Vandenberg, John

<Vandenbers lohn@epa.gov>; Thayer, Kris <thaver. kris@epa.gzov>; Bahadori, Tina <Bahadort. Tina@ena.gov>; Jerry
Campbell <}Campbel@ramboll.com>; Robinan Gentry <rgeniry@rambollcom>; cvardandingham@rambollcom; Sonja
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Sax <SSamu@rambotlcom>; HIMMELSTEIN, MATTHEW W <Matthew W Himmelstein@dupontoom>
Subject: RE: Chloroprene in Vitro model

HI Paul

We did check the lung and kidney too. Here’s a spreadsheet with all the calculations. The dose metric comparisons I
sent you were with all the tissue metabolism parameters re-estimated using the kg estimated from the male mouse
liver data. I imagine the effect of kg will be less in the rat than the mouse, but we can check that.

Harvey Clewell
Principal Consultant

D +1 (919) 765-8025
M +1 (919) 4524279

S

From: Schlosser, Paul <ichinsser.Paul@epa.gov>

Sent: Tuesday, October 2, 2018 4:06 PM

To: Harvey Clewell <HCiswell@rambollLoom>

Cc: Davis, Allen <Davis Allen@epa.gov>; Sasso, Alan <Sasso.Alan@epa.gov>; Vandenberg, John

<Yandenberg lohn@epa.gov>; Thayer, Kris <thayer. krisdlepa.gov>; Bahadori, Tina <Bahadori. Tina®epa.gov>; Jerry
Campbell <icampbeli@ramboll.com>; Robinan Gentry <rgentry@rambaoell.com>; Cynthia Van Landingham

oy

<Matithew W.Himmelstein@dupont.cony
Subject: RE: Chloroprene In Vitro model

Harvey,

I had thought about doing something like this but was concerned about the identifiability. The Km that you get is *so*
low that | suspect the real kg must be higher. When | tested kg = 10x the value from the benzene studies, the Km
{eyeball fitting} came out to only % the original value, so it’s probably really the ratio of the two that we can identify.

That being said, | think what you have here is probably a lower bound on the Km, so if the final model predictions aren’t
really affected, then the results of this approach can be a bounding sensitivity analysis.

But | think the next question is what happens when this value of kg {and Km) is applied to the mouse lung metabolism
data? {And what about the rat?) Perhaps those rates are low enough that it doesn’t matter, but that also needs to be
determined. Since lung metabolism isn’t limited by blood flow, I'd expect a change in the metabolic parameters to have
maore of an effect on that estimate.

They do still run in vitro metabolism studies in NHEERL, but that's a different lab/center, they have their research plan
and budget to consider, etc.

-Paul

From: Harvey Clewell [mailto:Hlewell @ramboll com]

Sent: Tuesday, October 02, 2018 3:27 PM

To: Schlosser, Paul <Schiosser Paul@enagoy>

Cc: Davis, Allen <Davis. Allen®@epa gov>; Sasso, Alan <Sasso. Alanfepa.gov>; Vandenberg, John

<Vandenberg lohn@epa.gov>; Thayer, Kris <thaver. kris@epa.gzov>; Bahadori, Tina <Bahadort. Tina@ena.gov>; Jerry
Campbell <}Campbel@ramboll.com>; Robinan Gentry <rgeniry@rambollcom>; cvardandingham@rambollcom; Sonja
Sax <Siax@rambollcom>; HIMMELSTEIN, MATTHEW W < atthew W Himmelstein@®dupont.com>

Subject: RE: Chloroprene In Vitro model

ED_002855_00005452-00005



Hi Paul

We've performed an analysis to estimate the potential impact of the use of an equilibrium assumption in the
estimation of the in vitro metabolism parameters. Based on this analysis I don't believe it is necessary to conduct
new studies to determine a kg for chloroprene. The male mouse liver data are adequate to inform the value of this
parameter. Moreover, I'm concerned that such a study would be difficult to perform since the research laboratories
that used to conduct such studies with volatiles (WPAFB, CIIT, CSU, Hamner) are no longer available. Does NHEERL

still have the capability to perform such a study?

We began, as you did, with the male mouse liver, since that’s the strongest data (highest metabolism rates). Scaling
the kg from your benzene study (0.434 mL/min= 0.026 L/h) by the ratio of the surface areas in the 4 mL vials you
used vs. the 10 mL vials Matt used results in a kg = 0.0636 L/hr and ki = kg/P(liquid/air), which is too low to fit the
rate of metabolism at low concentrations.

Next, we used the Nelder-Mead optimization to jointly estimate Vmax, Km, and kg with kl set equal to kg/PC. The
resulting estimate of kg was 0.100 L/hr, about 50% higher than the value estimated by scaling your benzene data.

Using this kg, the liver microsome Vmax decreased from 0.26 (Yang) to 0.19 umol/hr/mg protein and the Km
decreased from 1.36 to 0.0028 uM. This is again consistent with what you found.

ED_002855_00005452-00006



In order to evaluate the potential effect of kg on model predictions we used the kg estimated from the male mouse
liver data to re-estimate the metabolism parameters for the liver, lung and kidney in the female mouse. The resulting
dose metrics for the female mouse lung are not affected by the use of kg.

. Yang etal. 2012 -Tablt.a 3 Benzene KG Adjusted for Vial L.
Estimated Metabaolic Point Est. KG Optimized to Male Mouse
Surface Area

Used Liver In Vitro

iti Mou iti
AMP
0.60
1.60
4.07

In retrospect, it makes sense that kg doesn’t affect the model predictions since the only tissue where metabolism is
sufficiently rapid to make kg rate-limiting is the liver, but at the bicassay concentrations liver metabolism is blood-
flow limited so decreasing km does not increase the rate of liver metabolism.

Harvey Clewell

PhD, DABT, FATS
Principal Consultant
1692720 - Tampa

D +1 (919) 765-8025
M +1 (919) 4524279

g ~
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Conmect with us

Ramboll

6 Davis Drive

Suite 139

PO Box 13441
Research Triangle Park
NC 27709

USA

From: Schlosser, Paul <&chiosser. Paul@ens.zov>

Sent: Wednesday, September 19, 2018 2:14 PM

To: HIMMELSTEIN, MATTHEW W <} atthew W Himmsstrin@dupont.com>; Jerry Campbell <jcampbell@rambollcony>
Cc: Harvey Clewell <H{lswell@ramboll.com>; Davis, Allen <Davis. Allen@epa.gov>; Sasso, Alan <Sasso.Alanfiepa gov>;
Vandenberg, John <¥andenberp. lohn@epa.zoy>; Thayer, Kris <thaver kris@epa.pov>; Bahadori, Tina

<Bahador Tinai@epa. gov>

Subject: RE: Chloroprene In Vitro model

I'm sending again, including John Vandenberg, Kris Thayer, and Tina Bahadori.

-Paul

ED_002855_00005452-00007



From: Schlosser, Paul

Sent: Wednesday, September 19, 2018 1:39 PM

To: 'HIMMELSTEIN, MATTHEW W' <Matthew. W, Himmelstein@dupont.oom>; Jerry Campbell’
<Campbeli@rambollecom>

Cc: 'Harvey Clewell' <HClswell@ramboll.com>; Davis, Allen <Davis. Allen@epa.zov>; Sasso, Alan <Sasso. Alan@epa.gov>
Subject: RE: Chloroprene in Vitro model

Matt, all,

'm following up to see how things stand regarding the search for additional data. In a separate note Harvey said there
should be a report (IISRP?) for the earlier in vitro studies, which it could help to have. Please send any that you have.

As it stands, we have mostly halted our QA review, as it strongly hinges on the equilibration assumption in the in vitro
modeling. The code for the in vitro and in vivo models has checked out, issues resolved, and | think all other parameter
discrepancies have been resolved — a few changes but none that should make a really large difference.

| realize it might take some time for files to be retrieved from archives and reviewed, but it’s now been a couple of
weeks since | provided the written details on what we are seeking. Can vou tell us where things stand on your end?

The simulations I've run/provided show that the fits to the low concentration in vitro data depend significantly on the
assumption that gas-liquid equilibration is not rate limiting, and the data are consistent with the possibility thatitisa
factor, requiring a fairly large revision in the estimated Km value(s}. Asis, my conclusion is that there is uncertainty due
to the lack of data on the mass transfer rate, and there isn't an easy way that | can think of {or that we are likely to
undertake ourselves) for estimating or bounding that uncertainty. The model results are too uncertain to use, given the
data and assumptions.

if data are obtained {from archives or newly developed) that show that mass transfer is a factor, it will then be up to
Denka/Ramboll to revise the in vitro parameter estimation accordingly, and propagate that into the in vivo model,
before we would continue our QA.

As indicated in previous emails, our QA will also involve comparing model predictions to the nose-only in vivo PK data
from 2004: the model should be able to fit with parameters adjusted in a way consistent with the hypothesis that there
may be an effect of the exposure system on respiration, but this would not be exposure-concentration-dependent. That
will require creating model scripts to run these simulations and compare model outputs to the data. While we are
prepared to do that work as part of our QA, provided that the mass transfer data become available, we are not planning
to begin that work until those data are available and any necessary revisions of the in vitro modeling have been
completed. Alternately, Ramboll colleagues could create the scripts in the meantime, which would speed up the QA

Sincerely,
-Paul

Paul M. Schlosser

NCEA, US. EPA

M.D. B243-01

RTP, NC 27711
T:919-541-4130

F: 919-685-3330

E: schilogser paul@ena gov

ED_002855_00005452-00008



From: Schlosser, Paul

Sent: Wednesday, September 05, 2018 12:06 PM

To: 'HIMMELSTEIN, MATTHEW W' <Matthew. W Himmelstein@dupont.oom>; Jerry Campbell <jCamphell@rambollcom>
Cc: Harvey Clewell <HClswell @rambollcom>; Davis, Allen <Davis. Allen®epa.gov>; Sasso, Alan <Sasso.Alan®epa.gov>
Subject: RE: Chloroprene In Vitro model

Matt,
Sorry. | was also wondering at the volume being 1.6 mbL bigger than advertised, it seemed like a large discrepancy.
A memo is attached, but here is what I've gotten from looking at the code in the appendix of the report you sent:

» Data to indicate that mass transfer resistance is not significant are still lacking.

» The sample volume {VINI) for all the CP *oxidation™ experiments in the 2004 paper should be ~ 400 ul,
including male mouse and rat liver and lung data. But the code in the report uses 385.8 ul for male data and
exactly 200 ul for male data. Is the higher accuracy for the rodent male and human data supported by some
measurements?

> Assuming a similar accuracy, the vial volume {VVIAL) for all experiments described in the 2004 paper should be
0.0120 L. This value should be used for male mouse and rat liver and lung data. {We'll use 0.0116 L for the
female mouse and rat data and the kidney data.}

Thanks,
-Paul

This communication is for use by the intended recipient and contains information that may be Privileged, confidential or
copyrighted under applicable law. If you are not the intended recipient, you are hereby formally notified that any use,
copying or distribution of this e-mail,in whole or in part, is strictly prohibited. Please notify the sender by return e-mail
and delete this e-mail from your system. Unless explicitly and conspicuously designated as "E-Contract Intended", this e-
mail does not constitute a contract offer, a contract amendment, or an acceptance of a contract offer. This e-mail does
not constitute a consent to the use of sender's contact information for direct marketing purposes or for transfers of data
to third parties.

Francais Deutsch Italiano Espanol Portugues Japanese Chinese Korean

htto S fwwew DuPonteom/eorn/emall disclaimer bl
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Message

From: Harvey Clewell [HClewell@ramboll.com]
Sent: 10/26/2018 4:54:56 PM
To: Schlosser, Paul [fo=Exchangelabs/ou=Exchange Administrative Group

(FYDIBOHF23SPDLT)/cn=Recipients/cn=121cf759d94e4f08afdelceb646e711b-Schlosser, Paul]
Subject: RE: chloroprene

I have to admit I miss working in a lab.

Harvey Clewell
Principal Consultant

D +1 (919) 765-8025
M +1 (919) 4524279

From: Schlosser, Paul <Schlosser.Paul@epa.gov>

Sent: Friday, October 26, 2018 12:49 PM

To: Harvey Clewell <HClewell@ramboll.com>

Cc: Jerry Campbell <jcampbell@ramboll.com>; Robinan Gentry <rgentry@ramboll.com>; Sonja Sax
<ssax@ramboll.com>; Davis, Allen <Davis.Allen@epa.gov>; Thayer, Kris <thayer.kris@epa.gov>; Bahadori, Tina
<Bahadori.Tina@epa.gov>

Subject: RE: chloroprene

No, I have not.! personal Matters / Ex. 6 |

% Personal Matters / Ex. 6 vou could have just walked down the hall, eh? ©

-Paul

From: Harvey Clewell [mailto:Hlewell @ramboll.com]

Sent: Friday, October 26, 2018 11:36 AM

To: Schlosser, Paul <Schiasser. Paul@epa.sov>

Cc: Jerry Campbell <iCampheli@ramboil.com>; Robinan Gentry <rgentry@ramboll coms>; Sonja Sax
<SSax@rambollcom>

Subject: chloroprene

Hi Paul

Have you heard back from Matt yet? We’ve been looking onto the possibility of having a study done to determine the
kg for chloroprene in Matt’s in vitro assays and we've found a potential contract lab. When we get a study protocol
from the laboratory, I'll to send it to you for your review.

Harvey Clewell

PhD, DABT, FATS
Principal Consultant
1692720 - Tampa

D +1 (919) 765-8025
M +1 (919) 4524279
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Connect with us

Ramboll

6 Davis Drive

Suite 139

PO Box 13441
Research Triangle Park
NC 27709

USA
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Message

From: Schlosser, Paul [/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP
(FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=121CF759D94E4FO8AFDEOCEB646E711B-SCHLOSSER, PAUL]

Sent: 10/4/2018 11:58:48 PM

To: HIMMELSTEIN, MATTHEW W [Matthew.W.Himmelstein@dupont.com]; Harvey Clewell [HClewell@ramboll.com]

CC: Davis, Allen [/o=Exchangelabs/ou=Exchange Administrative Group
(FYDIBOHF23SPDLT)/cn=Recipients/cn=a8ecee8c29¢54092h969e9547ea72596-Davis, Allen]; Sasso, Alan
[/o=Exchangelabs/ou=Exchange Administrative Group
(FYDIBOHF23SPDLT)/cn=Recipients/cn=8cb86751%abc4dcea88149d12ef3e8e9-Sasso, Alan]; Vandenberg, John
[fo=Exchangelabs/ou=Exchange Administrative Group
(FYDIBOHF23SPDLT)/cn=Recipients/cn=dcae2bh98a04540fb8d099f9d4dead690-Vandenberg, John]; Thayer, Kris
[fo=Exchangelabs/ou=Exchange Administrative Group
(FYDIBOHF23SPDLT)/cn=Recipients/cn=3ce4ae3f107749¢6815f243260df98c3-Thayer, Kril; Bahadori, Tina
[fo=Exchangelabs/ou=Exchange Administrative Group
(FYDIBOHF23SPDLT)/cn=Recipients/cn=7da7967dcafb4c5bbc39c666fee3dlec3-Bahadori, Tinal; lerry Campbell
[ICampbell@ramboll.com]; Robinan Gentry [rgentry@ramboll.com]; cvanlandingham@ramboll.com
[/o=Exchangelabs/ou=Exchange Administrative Group (FYDIBOHF23SPDLT)/cn=Recipients/cn=usereda39e51]; Sonja
Sax [SSax@ramboll.com]

Subject: RE: Chloroprene In Vitro model

Thanks for letting us know, Matt. That's an important job too. | think we have a plan and can be prepared for when you
can get back to us.

-Paul

From: HIMMELSTEIN, MATTHEW W [mailto:Matthew.W.Himmelstein@dupont.com]

Sent: Thursday, October 04, 2018 6:45 PM

To: Schlosser, Paul <Schlosser.Paul@epa.gov>; Harvey Clewell <HClewell@ramboll.com>

Cc: Davis, Allen <Davis.Allen@epa.gov>; Sasso, Alan <Sasso.Alan@epa.gov>; Vandenberg, John
<Vandenberg.John@epa.gov>; Thayer, Kris <thayer.kris@epa.gov>; Bahadori, Tina <Bahadori.Tina@epa.gov>; Jerry
Campbell <JCampbell@ramboll.com>; Robinan Gentry <rgentry@ramboll.com>; cvanlandingham@ramboll.com; Sonja
Sax <SSax@ramboll.com>

Subject: RE: Chloroprene In Vitro model

Sorry folks,

: Personal Matters / Ex. 6

Wi

Matt

Matthew Himmelstein
DuPont Haskell Global Centers
Phone 302 451 4537

From: Schlosser, Paul [mailto:Schiosser Paul@epa.gov]

Sent: Wednesday, October 03, 2018 2:12 PM

To: Harvey Clewell <H{Clewell@ramboll.com>

Cc: Davis, Allen <Davis Allen@epa.gov>; Sasso, Alan <Sasso Alan@epa.gov>; Vandenberg, John

<Vandenbere lohn@epa.gov>; Thayer, Kris <thaver. krisdepa.gov>; Bahadori, Tina <BahadoriTina@epa.pov>; Jerry
Campbell <}Campbel@ramboll com>; Robinan Gentry <rgentry@rambollcom>; cvanlandingham@ramboll.com; Sonja
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Sax <SSamu@rambollcom>; HIMMELSTEIN, MATTHEW W <Matthew W Himmelstein@dupontoom>
Subject: [EXTERNAL] RE: Chloroprene In Vitro model

Harvey,

it struck me as unlikely that the Km values would differ by a factor of 400-500 between liver and lung, though some
difference could occur due to a different ratio of enzymes in each tissue.

Looking at the male mouse data, one interpretation is that the Km for the liver is somewhere in between 1.36 uM
{Yuching's value} and 0.0028, depending on KG. This includes the values of Km obtained from fitting the male mouse
lung data, with this air-liguid term in place. Below is rough, eyeball fitting, but with a value of KG = 0.2 and common
value of Km = 0.7 {and assuming that VIN] = 0.004 for the male mouse lung experiments, same as liver, but that’s not too
big of a factor on this scale). | expect that with formal optimization the fits could be improved.

On the one hand, the results so far do suggest that the uncertainty here doesn’t have a large impact on the in vivo
predictions. But this also indicates that the dats available aren’t sufficient to say that the Km is really different between
the tissues evaluated, and a way to possibly reduce the uncertainty among all the parameters is to re-fit the KG, tissue-
specific Vmax values, and Km simultaneously to liver, lung, and kidney data; i.e., with a fixed Km.

*However®, | don’t suggest going anywhere with that until we get the report from Matt, to resolve the guestion of the
sample volume for the male lung and liver. | recall that it was set at ~ 4 ul in the code in the report Matt sent from the
2™ set of studies {Yuching’s code), for simulations of the older data, and while it doesn’t show much on the log scale, it
makes a difference on linear scale, will impact the optimization | believe.

-Paul

ED_002855_00005479-00002
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From: Harvey Clewell [mailio:HClewell@rambollcom]

Sent: Wednesday, October 03, 2018 11:41 AM

To: Schlosser, Paul <Schiosser. Paul@epa.gov>

Cc: Davis, Allen <Davis. Allen@@epa.eov>; Sasso, Alan <Sasso.Alani@eps.eov>; Vandenberg, John

<Wandenberg lohn@epa.gov>; Thayer, Kris <thaver krisé@epa.gov>; Bahadori, Tina <#shader. Ting B ena. gov>; Jerry
Campbell <}Campbel@ramboll.com>; Robinan Gentry <rgentry@rambollcom>; cvanlandingham @ramboll.corm; Sonja
Sax <5Sax@ramboll.com>; HIMMELSTEIN, MATTHEW W <Matthew W.Himmebtein@dunont.ocom>

Subject: RE: Chloroprene In Vitro model

Sorry Paul, I forgot to mention that these comparisons were run with updated in vitro to in vivo scaling parameters
recommended by Miyoung Yoon based on her review of information on protein content that’s available now as
compared to when Yang et al. (2012) was written. I mentioned that she was doing this when I gave the presentation
at EPA and she’s now completed it. So you can’t compare the results I sent you with the results using the original
Yang et al. (2012) scaling. If you'd like we can run the analysis again with the old scaling parameters.

Harvey Clewell
Principal Consultant

D +1 (919) 765-8025
M +1 (919) 4524279

From: Schlosser, Paul <Schiosser. Poul@ena.gov>

Sent: Wednesday, October 3, 2018 11:31 AM

To: Harvey Clewell <H{Clewell@ramboll.com>

Cc: Davis, Allen <Davis Allen@epa.gov>; Sasso, Alan <Sasso Alan@epa.gov>; Vandenberg, John

<Vandenbere lohn@epa.gov>; Thayer, Kris <thayer. krisdepa gov>; Bahadori, Tina <Bahadori Tina@epa.pov>; Jerry
Campbell <icampbeli@ramboll.com>; Robinan Gentry <rgeniry@ramboll.com>; Cynthia Van Landingham
<gvanlandingham@rambollcom>; Sonja Sax <ssax@rambollcom>; HIMMELSTEIN, MATTHEW W
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<Matthew W Himmebtein@dupont.com>
Subject: RE: Chloroprene in Vitro model

Harvey,
Something is odd with the results...
First, small thing, the lowest exposure should be 12.8 ppm, not 12.3.

But more significantly, when | run Female_mouse_dose_metric 2.R and _3.R, | get the following:

2.R

ppm AMP AMPLU AMPK
1 12.3 1.487844 0.7019859 0.003269034
2 32.0 3.910366 1.1611204 0.008441814
3 80.0 9.739528 1.5521656 0.020442855
_3.R

ppm AMP AMPLU AMPK
1 12.3 1.473707 0.9477216 0.001063307
2 32.0 3.888278 1.5712141 0.001577733
3 80.0 9.582979 2.1074212 0.001958602

These match almost exactly to the spreadsheet values you sent in August, but differ quite a bit from the ones sent
yesterday, “Yang et al. 2012 Table 3 Estimated Metabaolic Point Est. Used” for the female mouse.

Then, running the corresponding male mouse scripts:

_2.R—these numbers are a bit off of what was in the August 3" spreadsheet. For example, that lists AMPK(80 ppm) =
0.558
ppm AMP AMPLU AMPK
1 12.3 1.198161 3.797067 0.3334743
2 32.0 3.448833 6.485935 0.4666568
3 80.0 9.298214 8.621115 0.5440947

_3.R—these match the Aug 3 spreadsheet pretty well, just some off by +/- 0.001.
ppm AMP AMPLU AMPK

1 12.3 1.101225 5.001708 0.3441541

2 32.0 3.286599 8.565978 0.4547611

3 80.0 9.093323 11.280996 0.5152051

But again, quite different from results sent yesterday {left-most set).

it still seems crazy that the total metabolism in the male lung is greater than in the whole liver! But that aside, the
baseline tables sent yesterday seem to be off.

-Paul

From: Harvey Clewell [mailto:Hlewell @ramboll com]

Sent: Tuesday, October 02, 2018 5:27 PM

To: Schlosser, Paul <Schiosser Paul@enagoy>

Cc: Davis, Allen <Davis. Allen®@epa gov>; Sasso, Alan <Sasso. Alanfepa.gov>; Vandenberg, John

<Vandenbers lohn@epa.gov>; Thayer, Kris <thaver. kris@epa.gzov>; Bahadori, Tina <Bahadort. Tina@ena.gov>; Jerry
Campbell <}Campbel@ramboll.com>; Robinan Gentry <rgeniry@rambollcom>; cvardandingham@rambollcom; Sonja
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Sax <SSamu@rambotlcom>; HIMMELSTEIN, MATTHEW W <Matthew W Himmelstein@dupontoom>
Subject: RE: Chloroprene in Vitro model

HI Paul

We did check the lung and kidney too. Here’s a spreadsheet with all the calculations. The dose metric comparisons I
sent you were with all the tissue metabolism parameters re-estimated using the kg estimated from the male mouse
liver data. I imagine the effect of kg will be less in the rat than the mouse, but we can check that.

Harvey Clewell
Principal Consultant

D +1 (919) 765-8025
M +1 (919) 4524279

S

From: Schlosser, Paul <ichinsser.Paul@epa.gov>

Sent: Tuesday, October 2, 2018 4:06 PM

To: Harvey Clewell <HCiswell@rambollLoom>

Cc: Davis, Allen <Davis Allen@epa.gov>; Sasso, Alan <Sasso.Alan@epa.gov>; Vandenberg, John

<Yandenberg lohn@epa.gov>; Thayer, Kris <thayer. krisdlepa.gov>; Bahadori, Tina <Bahadori. Tina®epa.gov>; Jerry
Campbell <icampbeli@ramboll.com>; Robinan Gentry <rgentry@rambaoell.com>; Cynthia Van Landingham

oy

<Matithew W.Himmelstein@dupont.cony
Subject: RE: Chloroprene In Vitro model

Harvey,

I had thought about doing something like this but was concerned about the identifiability. The Km that you get is *so*
low that | suspect the real kg must be higher. When | tested kg = 10x the value from the benzene studies, the Km
{eyeball fitting} came out to only % the original value, so it’s probably really the ratio of the two that we can identify.

That being said, | think what you have here is probably a lower bound on the Km, so if the final model predictions aren’t
really affected, then the results of this approach can be a bounding sensitivity analysis.

But | think the next question is what happens when this value of kg {and Km) is applied to the mouse lung metabolism
data? {And what about the rat?) Perhaps those rates are low enough that it doesn’t matter, but that also needs to be
determined. Since lung metabolism isn’t limited by blood flow, I'd expect a change in the metabolic parameters to have
maore of an effect on that estimate.

They do still run in vitro metabolism studies in NHEERL, but that's a different lab/center, they have their research plan
and budget to consider, etc.

-Paul

From: Harvey Clewell [mailto:Hlewell @ramboll com]

Sent: Tuesday, October 02, 2018 3:27 PM

To: Schlosser, Paul <Schiosser Paul@enagoy>

Cc: Davis, Allen <Davis. Allen®@epa gov>; Sasso, Alan <Sasso. Alanfepa.gov>; Vandenberg, John

<Vandenberg lohn@epa.gov>; Thayer, Kris <thaver. kris@epa.gzov>; Bahadori, Tina <Bahadort. Tina@ena.gov>; Jerry
Campbell <}Campbel@ramboll.com>; Robinan Gentry <rgeniry@rambollcom>; cvardandingham@rambollcom; Sonja
Sax <Siax@rambollcom>; HIMMELSTEIN, MATTHEW W < atthew W Himmelstein@®dupont.com>

Subject: RE: Chloroprene In Vitro model

ED_002855_00005479-00005



Hi Paul

We've performed an analysis to estimate the potential impact of the use of an equilibrium assumption in the
estimation of the in vitro metabolism parameters. Based on this analysis I don't believe it is necessary to conduct
new studies to determine a kg for chloroprene. The male mouse liver data are adequate to inform the value of this
parameter. Moreover, I'm concerned that such a study would be difficult to perform since the research laboratories
that used to conduct such studies with volatiles (WPAFB, CIIT, CSU, Hamner) are no longer available. Does NHEERL

still have the capability to perform such a study?

We began, as you did, with the male mouse liver, since that’s the strongest data (highest metabolism rates). Scaling
the kg from your benzene study (0.434 mL/min= 0.026 L/h) by the ratio of the surface areas in the 4 mL vials you
used vs. the 10 mL vials Matt used results in a kg = 0.0636 L/hr and ki = kg/P(liquid/air), which is too low to fit the
rate of metabolism at low concentrations.

Next, we used the Nelder-Mead optimization to jointly estimate Vmax, Km, and kg with kl set equal to kg/PC. The
resulting estimate of kg was 0.100 L/hr, about 50% higher than the value estimated by scaling your benzene data.

Using this kg, the liver microsome Vmax decreased from 0.26 (Yang) to 0.19 umol/hr/mg protein and the Km
decreased from 1.36 to 0.0028 uM. This is again consistent with what you found.

ED_002855_00005479-00006



In order to evaluate the potential effect of kg on model predictions we used the kg estimated from the male mouse
liver data to re-estimate the metabolism parameters for the liver, lung and kidney in the female mouse. The resulting
dose metrics for the female mouse lung are not affected by the use of kg.

Y-ang etal. 2012 Ta_ble 3 Benzene KG Adjusted for Vial L
Estimated Metabaolic Point KG Optimized to Male Mouse
Surface Area

Est. Used Liver In Vitro
le Mo iti iti iti

In retrospect, it makes sense that kg doesn’t affect the model predictions since the only tissue where metabolism is
sufficiently rapid to make kg rate-limiting is the liver, but at the bicassay concentrations liver metabolism is blood-
flow limited so decreasing km does not increase the rate of liver metabolism.

Harvey Clewell

PhD, DABT, FATS
Principal Consultant
1692720 - Tampa

D +1 (919) 765-8025
M +1 (919) 4524279

g ~
HRLe iy

Conmect with us

Ramboll

6 Davis Drive

Suite 139

PO Box 13441
Research Triangle Park
NC 27709

USA

From: Schlosser, Paul <&chiosser. Paul@ena.zov>

Sent: Wednesday, September 19, 2018 2:14 PM

To: HIMMELSTEIN, MATTHEW W <M atthew W Himmekiein®@dupont.com>; Jerry Campbell <jcamphell@rambolloom>
Cc: Harvey Clewell <HCleweil@ramboll.com>; Davis, Allen <Davis. Allen®epa.gov>; Sasso, Alan <Sasso Alan®epa.gow>;
Vandenberg, John <¥andenberg fohn@epa.sov>; Thayer, Kris <thaver.kris@epa.gov>; Bahadori, Tina
<Bahadori.Tina@epa.gov>

Subject: RE: Chloroprene In Vitro model

I'm sending again, including John Vandenberg, Kris Thayer, and Tina Bahadori.

-Paul

ED_002855_00005479-00007



From: Schlosser, Paul

Sent: Wednesday, September 19, 2018 1:39 PM

To: 'HIMMELSTEIN, MATTHEW W' <Matthew. W, Himmelstein@dupont.oom>; Jerry Campbell’
<Campbeli@rambollecom>

Cc: 'Harvey Clewell' <HClswell@ramboll.com>; Davis, Allen <Davis. Allen@epa.zov>; Sasso, Alan <Sasso. Alan@epa.gov>
Subject: RE: Chloroprene in Vitro model

Matt, all,

'm following up to see how things stand regarding the search for additional data. In a separate note Harvey said there
should be a report (IISRP?) for the earlier in vitro studies, which it could help to have. Please send any that you have.

As it stands, we have mostly halted our QA review, as it strongly hinges on the equilibration assumption in the in vitro
modeling. The code for the in vitro and in vivo models has checked out, issues resolved, and | think all other parameter
discrepancies have been resolved — a few changes but none that should make a really large difference.

| realize it might take some time for files to be retrieved from archives and reviewed, but it’s now been a couple of
weeks since | provided the written details on what we are seeking. Can vou tell us where things stand on your end?

The simulations I've run/provided show that the fits to the low concentration in vitro data depend significantly on the
assumption that gas-liquid equilibration is not rate limiting, and the data are consistent with the possibility thatitisa
factor, requiring a fairly large revision in the estimated Km value(s}. Asis, my conclusion is that there is uncertainty due
to the lack of data on the mass transfer rate, and there isn't an easy way that | can think of {or that we are likely to
undertake ourselves) for estimating or bounding that uncertainty. The model results are too uncertain to use, given the
data and assumptions.

if data are obtained {from archives or newly developed) that show that mass transfer is a factor, it will then be up to
Denka/Ramboll to revise the in vitro parameter estimation accordingly, and propagate that into the in vivo model,
before we would continue our QA.

As indicated in previous emails, our QA will also involve comparing model predictions to the nose-only in vivo PK data
from 2004: the model should be able to fit with parameters adjusted in a way consistent with the hypothesis that there
may be an effect of the exposure system on respiration, but this would not be exposure-concentration-dependent. That
will require creating model scripts to run these simulations and compare model outputs to the data. While we are
prepared to do that work as part of our QA, provided that the mass transfer data become available, we are not planning
to begin that work until those data are available and any necessary revisions of the in vitro modeling have been
completed. Alternately, Ramboll colleagues could create the scripts in the meantime, which would speed up the QA

Sincerely,
-Paul

Paul M. Schlosser

NCEA, US. EPA

M.D. B243-01

RTP, NC 27711
T:919-541-4130

F: 919-685-3330

E: schilogser paul@ena gov
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From: Schlosser, Paul

Sent: Wednesday, September 05, 2018 12:06 PM

To: 'HIMMELSTEIN, MATTHEW W' <Matthew. W Himmelstein@dupont.oom>; Jerry Campbell <jCamphell@rambollcom>
Cc: Harvey Clewell <HClswell @rambollcom>; Davis, Allen <Davis. Allen®epa.gov>; Sasso, Alan <Sasso.Alan®epa.gov>
Subject: RE: Chloroprene In Vitro model

Matt,
Sorry. | was also wondering at the volume being 1.6 mbL bigger than advertised, it seemed like a large discrepancy.
A memo is attached, but here is what I've gotten from looking at the code in the appendix of the report you sent:

» Data to indicate that mass transfer resistance is not significant are still lacking.

» The sample volume {VINI) for all the CP *oxidation™ experiments in the 2004 paper should be ~ 400 ul,
including male mouse and rat liver and lung data. But the code in the report uses 385.8 ul for male data and
exactly 200 ul for male data. Is the higher accuracy for the rodent male and human data supported by some
measurements?

> Assuming a similar accuracy, the vial volume {VVIAL) for all experiments described in the 2004 paper should be
0.0120 L. This value should be used for male mouse and rat liver and lung data. {We'll use 0.0116 L for the
female mouse and rat data and the kidney data.}

Thanks,
-Paul

This communication is for use by the intended recipient and contains information that may be Privileged, confidential or
copyrighted under applicable law. If you are not the intended recipient, you are hereby formally notified that any use,
copying or distribution of this e-mail,in whole or in part, is strictly prohibited. Please notify the sender by return e-mail
and delete this e-mail from your system. Unless explicitly and conspicuously designated as "E-Contract Intended", this e-
mail does not constitute a contract offer, a contract amendment, or an acceptance of a contract offer. This e-mail does
not constitute a consent to the use of sender's contact information for direct marketing purposes or for transfers of data
to third parties.

Francais Deutsch Italiano Espanol Portugues Japanese Chinese Korean

htto S fwwew DuPonteom/eorn/emall disclaimer bl
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Message

From: Schlosser, Paul [/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP
(FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=121CF759D94E4FO8AFDEOCEB646E711B-SCHLOSSER, PAUL]

Sent: 6/27/2019 6:14:29 PM

To: Harvey Clewell [HClewell@ramboll.com]

CC: Jerry Campbell [JCampbell@ramboll.com]; Michael Dzierlenga [MDZIERLENGA@ramboll.com]; Robinan Gentry
[rgentry@ramboll.com]; manderser; Personal Matters / Ex. 6 ;i’hayer, Kris [fo=Exchangelabs/ou=Exchange
Administrative Group (FYDIBOHF23SPDLT)/cn=Recipients/cn=3ced4ae3f107749c¢6815f243260df98c3-Thayer, Kri];
Vandenberg, lohn [fo=Exchangelabs/ou=Exchange Administrative Group
(FYDIBOHF23SPDLT)/cn=Recipients/cn=dcae2b98a04540fb8d099f9d4dead690-Vandenberg, John]; Bahadori, Tina
[/o=Exchangelabs/ou=Exchange Administrative Group
(FYDIBOHF23SPDLT)/cn=Recipients/cn=7da7967dcafb4c5bbc39c666fee’ lec3-Bahadori, Tinal; Morozov, Viktor
[
(

/o=Exchangelabs/ou=Exchange Administrative Group
FYDIBOHF23SPDLT)/cn=Recipients/cn=03cc9abb639c453fabc2bbb3e4617228-Morozov, Viktor]; Davis, Allen
[/o=Exchangelabs/ou=Exchange Administrative Group
(FYDIBOHF23SPDLT)/cn=Recipients/cn=a8ecee8c29¢54092h969e9547ea72596-Davis, Allen]; Sasso, Alan
[/o=Exchangelabs/ou=Exchange Administrative Group
(FYDIBOHF23SPDLT)/cn=Recipients/cn=8cb867519abcddcead8149d12ef3e8e9-Sasso, Alan]; Kapraun, Dustin
[/o=Exchangelabs/ou=Exchange Administrative Group
(FYDIBOHF23SPDLT)/cn=Recipients/cn=3a53¢151b922472fbfb295ed5df982a7-Kapraun, Dul; Sonja Sax
[SSax@ramboll.com]; Ken Mundt [kenneth.mundt@cardno.com]; Miyoung Yooni Personal Matters / Ex. 6 i
Kenyon, Elaina [/o=Exchangelabs/ou=Exchange Administrative Group
(FYDIBOHF235PDLT)/cn=Recipients/cn=0395d5b93f214c8ca49066f498f7d5¢9-Kenyon, Elaina]; White, Paul
[/o=Exchangelabs/ou=Exchange Administrative Group
(FYDIBOHF23SPDLT)/cn=Recipients/cn=4e179825823c44ebbb07a9704e1e5d16-White, Paul]

Subject: RE: chloroprene -- human lung

Attachments: Yoon_ 07 extrahepatic-metabolism-cyp2el-PBPK-VOCs.pdf; Vieira_98.pdf; Vieira_96-
European_Journal_of Biochemistry.pdf

Thanks, Harvey,

The pool size conld be bigger, it i i5 good support that the Loreny data don’t under-estimate homan lung activity, L. On the other

hand, how could 1 forget?! Thore is this papey from Mivoung, attached, The mtio shown in iable 3 12 0.9% or 0.009. Hisciting
Yigira, L, Pasancn, M., Raure, Ho, and Cregtoil, T, 1998, Bxpression of CYPRET in human lung and kidoey during developmaont and
i full-tonm placenta: A differcntial methviation of the gene 18 tovelved i the rogadaion process. Pharmacel, Toexicel, 831853187,
which 1o fors cties a 1996 anticle dosoribing the inttial fssue collection. Both are also aftached, sorry about the rotation of the 1Y page
of the "98 paper, 178 how #is on HERO,

From the 796 papers Adult bver samples were obtained from donoers for kidney transplantation. Donors had oo severe clyonic
pathology and had geserally died from a taffic scotdent. They
had 5o re-peated drag consummption. Mo information was available regarding thelr smoking and danking habiis.

Some plots i the "9 paper indicate 14 donors, others 16 donors,

~Pand

From: Harvey Clewell <HClewell@ramboll.com>

Sent: Thursday, June 27, 2019 10:40 AM

To: Schlosser, Paul <Schlosser.Paul@epa.gov>

Cc: Jerry Campbell <iCampbell@ramboll.com>; Michael Dzierlenga <MDZIERLENGA@ramboll.com>; Robinan Gentry
<rgentry@ramboll.com>; manderseni Personal Matters / Ex. 6 i Thayer, Kris <thayer.kris@epa.gov>; Vandenberg, John
<Vandenberg.John@epa.gov>; Bahadori, Tina <Bahadori.Tina@epa.gov>; Morozov, Viktor <Morozov.Viktor@epa.gov>;
Davis, Allen <Davis.Allen@epa.gov>; Sasso, Alan <Sasso.Alan@epa.gov>; Kapraun, Dustin <Kapraun.Dustin@epa.gov>;
Sonja Sax <SSax@ramboll.com>; Ken Mundt <kenneth.mundt@cardno.com>; Miyoung Yoon
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< Personal Matters / Ex. 6 i>; Kenyon, Elaina <Kenyon.Elaina@epa.gov>; White, Paul <White.Paul@epa.gov>
Subject: RE: chloroprene -- human lung

Hi Paul

This paper provides relative expression ratios across tissues in the human for a variety of cyps.

From Table 1, the ratio of lung/liver expression for 2el is 0.0173/53.8 = 0.00032

Adding 2F1 in the lung (which was not detected in the liver), it becomes {0.0173 + 0.0128)/53.8 = 0.00056
That’s about a factor of 3 lower than the lung/liver activity ratio from Lorenz (Al = 0.00143)

This supports the use of Al derived from Lorenz to estimate human lung metabolism for 2el substrates like chloroprene
or methylene chloride as a conservative approach.

With kind regards

Harvey Clewell

PhD, DABT, FATS

Principal Consultant

Ramboll Environment and Health Consulting
Research Triangle Park, NC 27709 USA
nolewsidramboll com

919-452-4279

From: Schlosser, Paul [imzgilto:Schiosser. Paul@epa.gov]

Sent: Tuesday, June 25, 2019 5:26 PM

To: lerry Campbell <}Campbell@rambeoll com>; Harvey Clewell <HClewell@ramboll.com>

Cc: Michael Dzierlenga <MDZIERLENGA @ rambollcom>; Robinan Gentry <rgentrv@ramboll.ocom>; mandersen

< Personal Matters | Ex. 8 i Thayer, Kris <thaver.kris@epa.gov>; Vandenberg, John <Vandenberg fohn@epa.gov>,
Bahadori, Tina <Bahadori. Tina@epa.sov>; Morozov, Viktor <Muorozov. Viktor@epa.zov>; Davis, Allen
<Daviz.Allen@iena.goy>; Sasso, Alan <Sasso. Alan@epagov>; Kapraun, Dustin <Kapraun. Dustin@spa.gov>; Sonja Sax
<SSan@ramboll.com>; Ken Mundt <kenneth.mundt@cardno.com>; Miyoung Yoon < Personal Matters / Ex. 6 > Kenyon,
Elaina <Kenyorn.Elsina@ena.gov>; White, Paul <White. Faul@epa.gov> i '
Subject: chloroprene -- human lung

Harvey, all,

The Lovenz of al. {1984 paper fronn which the "AD for hingliver metabolism is caloulated use 7othoxyooumana as a substrate,
which is not a pure 281 substrate, bt also metabolized by human A2 which would not be relevant for OF, and some others.

hitos:/fwww. nehinim.nih.sovioubmed/85 73198
mrtos:fewwe nehinimaniheov/pubmed/ 16719387

£ aidn't look thoroughly, bag didn’t see that Lorens gave the concontmtion of 7-BC they used (the 1 roference sbove inslicates that st
high concentrations #'s more 28 Lspecific), snd the paper they olte for the method s a wview paper. T stopped at that pomg.

”

Also. while Lovenz had data on 173 separte hunmn subjects for Hver metnbolism and 10 for hung (all non-smokers!), they wern all
having biopsios or surgery for a reason.

o hoan data set i3 ideal, but do vou koow of a 37 data set for human hung ve, Bver activity we oould congsider, to idangulate the
thing, as i were?

~Faul
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Message

From: Schlosser, Paul [/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP
(FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=121CF759D94E4FO8AFDEOCEB646E711B-SCHLOSSER, PAUL]

Sent: 6/8/2019 1:43:54 PM

To: Harvey Clewell [HClewell@ramboll.com]; Jerry Campbell [JCampbell@ramboll.com]

CC: Michael Dzierlenga IMDZIERLENGA@ramboll.com]; Robinan Gentry [rgentry@ramboll.com]; mandersen

Personal Matters / EX. 6 iy o1 Kris [/o=Exchangelabs/ou=Exchange Administrative Group

(FYDIBOHF23SPDLT)/cn=Recipients/cn=3ce4ae3f107749¢6815f243260df98c3-Thayer, Kri]; Vandenberg, John

[/o=Exchangelabs/ou=Exchange Administrative Group

(FYDIBOHF23SPDLT)/cn=Recipients/cn=dcae2b98a04540fb8d099f9d4dead690-Vandenberg, John]; Bahadori, Tina

[/o=Exchangelabs/ou=Exchange Administrative Group

(

[

(

FYDIBOHF23SPDLT)/cn=Recipients/cn=7da7967dcafb4c5bbc39c666fee3 lec3-Bahadori, Tinal; Morozov, Viktor
/o=Exchangelabs/ou=Exchange Administrative Group
FYDIBOHF23SPDLT)/cn=Recipients/cn=03cc9abb639c453fabc2bbb3e4617228-Morozov, Viktor]; Davis, Allen
[/o=Exchangelabs/ou=Exchange Administrative Group
(FYDIBOHF23SPDLT)/cn=Recipients/cn=a8ecee8c29¢54092h969e9547ea72596-Davis, Allen]; Sasso, Alan
[/o=Exchangelabs/ou=Exchange Administrative Group
(FYDIBOHF23SPDLT)/cn=Recipients/cn=8cb867519abc4dcead8149d12ef3e8e9-Sasso, Alan]; Kapraun, Dustin
[/o=Exchangelabs/ou=Exchange Administrative Group
(FYDIBOHF23SPDLT)/cn=Recipients/cn=3a53¢151b922472fbfb295ed5df982a7-Kapraun, Dul; Sonja Sax
[SSax@ramboll.com]; Ken Mundt [kenneth.mundt@cardno.com]; Miyoung Yoon E Personal Matters / Ex. 6 |;
Kenyon, Elaina [/o=Exchangelabs/ou=Exchange Administrative Group
(FYDIBOHF235PDLT)/cn=Recipients/cn=0395d5b93f214c8ca49066f498f7d5¢9-Kenyon, Elaina]

Subject: RE: chloroprene -- in vitro system

P& This also folds back on the guestion of why the male and fomale mouse metabolic paminetors {hing) ave so different, when the
long cmor response 18 not. Throwing up one’s hands and saving “that s biclogy for vou” i3 not satisfving. Maybe the differonce is
due to 2 lack of reproducibility of the invitro kinetics, and the male vs. fhomle experimonts being conductod 8 voars apart.

I beligve there 18 pharmacodyrmmic variability, bit that woeh (o the same ab, same study (VTP same species/strain of mowse? |
recall that in ber postdoc af CHT, Hlaina measured metsbolic differonces between male and fomale mice invive, | belicve those

oxigt, But it wounld be moere convineing i the relative fmmoy mate, qualitatively, wag reflecied by the relative motabobic mig, when that
rate 18 suppoesed o prodict mouse-human cancer risk. So T trving to assure hore that the metabolic constants olvtatned aro not an
arfifact of 2 fauley assumpiion in the model,

~£anil

From: Harvey Clewell <HClewell@ramboll.com>

Sent: Friday, June 07, 2019 2:17 PM

To: Schlosser, Paul <Schlosser.Paul@epa.gov>; Jerry Campbell <JCampbell@ramboll.com>

Cc: Michael Dzierlenga <MDZIERLENGA@ramboll.com>; Robinan Gentry <rgentry@ramboll.com>; mandersen

Personal Matters / Ex. 6 ;;Thayer, Kris <thayer.kris@epa.gov>; Vandenberg, John <Vandenberg.John@epa.gov>;
Bahadori, Tina <Bahadori.Tina@epa.gov>; Morozov, Viktor <Morozov.Viktor@epa.gov>; Davis, Allen
<Davis.Allen@epa.gov>; Sasso, Alan <Sasso.Alan@epa.gov>; Kapraun, Dustin <Kapraun.Dustin@epa.gov>; Sonja Sax
<SSax@ramboll.com>; Ken Mundt <kenneth.mundt@cardno.com>; Miyoung Yoon: Personal Matters / Ex. 6 im>; Kenyon,
Elaina <Kenyon.Elaina@epa.gov>

Subject: RE: chloroprene -- in vitro system

Hi Paul
Not sure why we’'re including so many folks in this conversation — it’s getting pretty arcane.
We definitely appear to be seeing the whole microsome thing from different perspectives. | wouldn’t expect there to be

is a sufficient mass of microsomes to noticeably affect the partitioning, but according to Miyoung Yoon, who is an expert
in this area, non-specific binding to the surface of the microsomes could increase the availability of chloroprene for
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metabolism under conditions of mixing (liquid convection). I'll defer to her on that. | think the key uncertainty is what
the Reynolds number in the metabolism studies was, which used a shaking/heated auto-sampler, vs. what it was in the
rotating water bath in the manual kg study. This, of course, is all somewhat speculative, and | hate it when | come
across as a sophist, but | have to say that | am uncomfortable with the use of simple diffusion modeling to predict mass
transfer in a convective system.

With kind regards

Harvey Clewell

PhD, DABT, FATS

Principal Consultant

Ramboll Environment and Health Consulting
Research Triangle Park, NC 27709 USA
helawali@rambollcom

919-452-4279

From: Schlosser, Paul [mailto:5chlosser. Paul®@ena.gov]

Sent: Friday, June 7, 2019 12:41 PM

To: Jerry Campbell <}{Campbell@rambeoll com>; Harvey Clewell <HClewell@ramboll.cons

Cc: Michael Dzierlenga <}DZHERLENGAS rambellcom>; Robinan Gentry <rgentry@ramboll.com>; mandersen

<<1 Personal Matters / Ex. 6 EThayer, Kris <thayer.kris@epa.pgov>; Vandenberg, John <Vandenberg lohn@®epa.gov>;
Bahadori, Tina <Bahadori Tina®@ena.gov>; Morozov, Viktor <Morozov. Vikior@spa.gov>; Davis, Allen
<Davis.Allen@epa.gow>; Sasso, Alan <Gasso Alan@epa.gov>; Kapraun, Dustin <Kapraun, Dustin®epa.gov>; Sonja Sax
<SSax@rambollcom>; Ken Mundt <kenneth.mundt@cardno.com>; Miyoung Yoori Personal Matters / Ex. 6 »; Kenyon,
Elaina <kenvon.Eaina@epa.pgov> ' '

Subject: RE: chloroprene -- in vitro system

Jorry's note and that detai] on the expenmental procedure just gave me another “Ah hahl’

First, adding microsonmes after the vials have bogn given tine o equilibrate is based on the assumption that the microsomes don’t
significantly alter the partitiontng. *Baet™, o it did, that wonld be evident i the vt fow minotes of data. You'd soe a more rapid
deching i the gas phase, like what happens when antmweds are Brst placed toto 8 closed-chamber in vivo PK study, as the gas partitions
o the antmal s G

sanes, Thas wonld be more ovident when motabolism 13 dlower, such as with the hunman in viteo data, plot

bolow, There are data powts taken in the first 3 mwdnntes aflor the microsenes ae added, but therg is 5o sign of re-oquilibrtion doe to
asignficant change v gasHouwd partitioning,. W thet happoned, there would be a more rapid dechive during that peried due to
pariiiioning, after which the st bocomes meiaboboally lnited.

S0 Pve demwnstraied that the Kg oxperiments can be deseribed with motabobic oxporiments using a constsient sof of parametors, by
batlding and tosting the wodel. As the Kg increases, the model will become identical o the origingd instant-cquilibration nodel, asa
diffusion-finuted PEPK model bocomes indistinguishable from porfasion-Hmtted when e pormealviitv-area (PAY values are high
gnough. So Ud say i0s 1 more goneral form, othorwise requires no additional assamptions, bestdes mmss-transier rosistance baing a
factor,

P note that how # tmpacted the motabolo parameteors was not what T had thought, sy intition tn that regard fatled. Thig
domunstrates why #'s tmporiant to actually budld models and wst them o we think they can explain an observation. Our ability w
handie the inforactions in our heads s Hmted.

Drscussion of how microsonmal protoin might alter partitioning or mass transfer hag so far beon just "k’ IF the dats could also be
explained by a model based on a change in partitioning (e.g.. between the bulk agueons compartinent and a microsemad sub-
compartment), that would also be worth cvalnating. 1 leave # o Harvey, Jenry, and colleagaes to oreate the model. However, if that
requings proposing that mass transfor of OF bound 1o microsonwd protwin s somchow Sastor than that of freo UF in agucous solntion,
o sove we condd find an oxpert o diffusiona! transport o sorve on the peer review paned and consider the posstbility,

~Fat
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From: Jerry Campbell <!Campheli@ramboll.com>
Sent: Thursday, June 06, 2019 12:47 PM
To: Schlosser, Paul <Schiosser. Paul@spa.sov>; Harvey Clewell <HO ewell@ramboll.cons
Cc Michael Dzierlenga <SMDZIERLENGAE ramboll.com>; Robinan Gentry <rgentry@ramboll.com>; mandersen

i Personal Matters / Ex. 6 hyer Kris <thayer.kris@epa.pgov>; Vandenberg, John <Vandenberg lohn@®epa.gov>;
Bahadoru Tina <Babigdori lina@ena. gov>; Morozov, Viktor <Morgzov Vikior@epa, goy>; Davis, Allen
<Daviz.Allen@epa.gov>; Sasso, Alan <Sazso. Alan@epa.gov>; Kapraun, Dustin <Kapraun. Dustin®@epa.gov>; Sonja Sax
<SSax@rambollcom>; Ken Mundt <kennsth.mundt@oardno.com>; Miyoung Yoom Personal Matters / Ex. 6 i Kenyon,
Elaina <Kenvon.Elaina@epa.gov>
Subject: RE: chloroprene -- in vitro system

Paul,

Your use of 1.0 mg/ml for mouse liver in vitro oxidative metabolism of chloroprene is consistent with Matt’s 2004 paper.
The paper states 0.5 mg/ml for the hydrolysis of 1-CEQ (top of right column pg 19 of 2004 paper). The oxidative
metabolism in liver was 1.0 mg/mL (last paragraph right column pg 19 of the 2004 paper) and subsequent work in the
Yang paper for liver. Higher protein levels - 2 and 3 mg/mL were used in the Yang paper for lung and kidney oxidative
metabolism experiments due to lower metabolism but liver was kept at 1.0 mg/mL.

Jerry Campbell

Managing Consultant

D 919-765-8022

Ramboll

6 Davis Drive

Suite 139

PO Box 13441
Research Triangle Park
NC 27709

USA
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From: Schlosser, Paul <&chiosser. Paul@ena.zov>

Sent: Thursday, June 6, 2019 12:28 PM

To: Harvey Clewell <HClawell@ramboll.com>

Cc: Jerry Campbell <{Campbell@ramboll.com>; Michael Dzierlenga <M DZIERLENGA@ ramboll corm>; Robinan Gentry
<rgenbry@ramboll.com>; mandersel personal Matters / Ex. 6 1hayer, Kris <thayer kris@epa gov>; Vandenberg, John
<ardenberg lohn@epa.gov>; Bahadori, TiRa <REHAIGH. ma@é a.gov>; Morozov, Viktor <Marozov. Viktor@iena. gov>;
Davis, Allen <Davis. Alleni@epa.gov>; Sasso, Alan <SGasso.Alan@epa.gov>; Kapraun, Dustin <Kapraun.Dustin@®epa, gow>;
Sonja Sax <Ssax@ramboll.com>; Ken Mundt <kenneth.mundt@eardno.con>; Miyoung Yoon

{1 Personal Matters / Ex. 6 :; Kenyon, Elaina <Kenvon.Elaina@ena.gov>

Subject: RE: chloroprene -- in vitro system

Some prolinnnarny results with a “H-rone” in vitro medel. This divides the incebation volume oto 16 zones, or layers, though with
mixang 1 don’t expect them 1o be nice, neat lavers. Aryeas near the walls will have loss mixing than in the middle.

According the supplemental material, sampling in the Kg expertnents involved drawing §.5 mb) or have the iotal velume of hoguid, |
prosmme then that each vial was Gen sampled only once, and thore was no head-space sampling so twrmned off that term (well, set the
fist samplde 1 happen after 10 min). 1 assumed the rate of loss from the systom wag the same as measored by Matt Himmelstein, |
alse assumed that the seal volume of the vial was as measured by Matt, 1165 sl tocluding the volume i the neck of the bowde, I
8.5 mi of 800 ppan OF are distribated i 10,65 wd of headspace, that works ont {o an inttial concentration of 153361 aM by my
calonlation: 0 5980106524 451y Treduced the imnal amoont by 20% to match the finad steady state in the report plol we can
correct aspeot ater Waeed be, The rai constant for transfor botween zones 15 assumed 0 be SxR g, uoder the presumption that Kg
represents the resistance between the air and the middle of the vial (53710 zones), and the rate of tansier from air to the first rone i3
Ky since UF only has to travel through half the zone o #s middie

(dven that 8.5/ ml was betng sampled, T assooned that just measured the average concentration in the viall The plot below shows the
result, next to the plot front the report. Other than the differcnce in the final carmbtbrom (did T goof the wital concentystion
calondation? The mass balance chocks ondy, Tihink i7s 1 fady roprodunetion, withowt baving o re-cstimate Ky,
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Liguid Cone - In Vitro KG
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Mow | found that using these valoes of Kg and P as-s did not guite allow e o 1 e male mouse Bver data. But based oo the plot
fromn the report, { thought that wsing the originally published P (sirwater partition coctfficient) of 6.6 would be justified, as the final
equilibrivan i% then be tnthe ange of the cluster of poinis ~ 70 ag/L st 600 seconds (and the higher points at 360 scconds). This was
stifl not enough tw allow me o guite 11 the metmbolic data, but 1171 wesied with Kg = §.048, double the value estimated, and the Kg
Histed above, the "Kg’ plot looks ke the plot on the ket below:
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